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PEEFACE. 



Thx design of this work is to fxirnish a suitable text-book of 
Astronomy for academies and seminaries of leamiDg. 

For juvenile learners^ the ^Prima/ry Attronamf^^ Is all that 
can be desired ; and for advanced classes, who wii^ to study the 
Constellations, in connection with Mythology, the ^^Oeographf ^f 
the Eeat)0n»^ should be chosen in preference to all oUiers; bnt 
for all ordinary students, thu intermediate work will be found 
sufficiently elementary on the one hand, and sufficiently extended 
on the other. 

The work is now divided into three parts. After an introduc- 
tion, which consists of Preliminary Observations and Definitions, 
and occupies twenty pages, Part First is devoted to the Solar 
System — the sun, planets, comets, ecUpses, tides, dec.; Part 
Second relates to the Sidereal Heavens — ^the fixed stars, con- 
stellations, dusters, and nebula; and Part Third to Practical 
Astronomy — ^the structure and use of instruments, refraction, 
parallax, &o. This department, so seldom introduced into text- 
books for schools, will be found especially interesting and valu- 
able. 

Besides embracing all the late discoveries in astronomy, under 
a strictly philosophical classification, the work is thoroughly 
illustrated, by the introduction of diagrams into its pages, in con- 
nection with the text; and the adaptation throughout to the use 
of- the black-board, during recitation, cannot £ul to be appreciated 
by every practical teacher. 

The variety of type affords an agreeable relief to the eye of ttie 
student, and at the same time distinguishes the main text from 
the less important matter, the more careful study of which may 
be left for a review. The suggestive topical questions at the bot- 
tom of the page complete the design. « 

On the whole, the work is believed to be a decided improva- 
nient upon the works heretofore in use in this department of 
study ; and as such it is offered to the professional teachers of 
the country. 

Few Tori^ AuguMt^ 1860. 
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INTRODUCTION. 



FREI.IMINARY OBSERVATIOKS AND DEFINITIONS, 



CHAPTER I. 

OBXGIir AVn HI8T0RT OT THB SOISNOa; 

--^ L SdEKGB is knowledge systematically arranged, bo 
as to be conreniently taught, easily learned, and readily 
qppiied. 

^ 2. Astronomy is the science of the heavenly bodi 
the Son, Moon, Planets, Comets, and Fixed Starv. 



Tli» tem M tromo mi f to fltom tfa» Qntknutlnn, m^ku^ and ntmtt^ a fatr; and; alf* 
iiUIfla tb* law* or adenco oTtlM atam 

y 3. AstroBomy i& divided into Deacriptiv^^ Physical^ 
and Practical. 

/- DescriplM0 Astrofi^my includes the mer^ facta of the 
science, irrespective of the cwuses of the phenomena ob- 
served, or of the meanB by which the raets were ascer* 
tainedw 

^ Plmaical Astronomy explains the cauaea of the. vari^ 
OQS phenomena observed, aa of Day and Night, the 
Seasons, Eclipses, Tides, &c. 

Practical Astronomy relates to the m,ea/ns for acquiring 
astronomical knowledge by the use of instruments, and 
by mathematical calculations. 

Theaa three departments hare arlaeii, one after the other, in the order In which they 
are here, stated. At first a few feets and phenomena were obeenred, but tlie eaueaa 
were unknown. Next some of the cauMa were tnveetlKated one by one: amU finaUy, 
UuftrumenU were invented for meaanrlng diBtanoe8» altitudee, dee. ; daU for ca.eulO' 
Hima were obtained ; and thna aroee the department of Practical Aatrunomy. 

1. DefinB.ihBtenttJSeienee, 

7; WhB:tl^ Atironomvl (I^tmt wHttit thetetm dMv«dt) 

tuB ONWT a iH>l^t"tlwit d<i>Mtm6iit>'iiirv't'i 
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4. Astronomy has long been regarded as the most 
sublime of the sciences, eminently calculated to illus 
trate the wisdom, power^ and goodness of God ; to ele* 
vate and expand the human mind, and to fill it with ex- 
alted views of the Creator — 

** The glorious Architect who built the skies." 

1. '*The frrefttert men of all ages have pronounced this science to be thn Tnt«t stibiime 
and 8ar{>a.vinfr of all that can be tested by hanian genina, and to be worthy of a life of 
stady."— *<fini^»'« CelexHal CycU. 

2. ** Onr very fitcuUies are enlargetl with the grandenr of the Ideas It Cfmvejrs, onr 
minds exaltHi above the low-contracted piejudiees of the vulgar, and our understand- 
ings clearly convinhed. and afl«cte<l with the conviction of the existence, wib«toni, power, 
gitodness. ar.d snncrintendency of tlie Supkemk Bbivq !^'— />/'0rwon. 

3. So remarkably does this science exliibit the glory and ini\)esty of Chid, by its 
astounding revi'lations of His works, that it almost necessarily tends to fill the mind 
with awo and reverence. It was in view of this tendency that the poet Young said, 

** An undevont astronomer is mad." 

4 To .the moral Influence of the contc-mplation of the heaven^ we have frequent 
reference in tiie sacre<l Scriptures. "The heavens declare the zloiy of 6o<1; ana th« 
firmament showetli his handy-work.'^ (Psalm xix. 1.) ** When I consider thy heavens, 
the work of thy fingers ; the moon and 8tars, which thou hast ordained ; wliat is man, 
that thon lut mindful of him? and the son of man, that tliou visitest him?*' (Psalm 
TiiL 8, 4.) 

5. Astronomy is probably the mdst ancient of all the 
sciences. Some of the Chaldean observations date as 
far back as 2,250 years before Christ, or only 98 years 
after the Flood ! Laplace speaks confidtatly of Chinese 
observations 1,100 b. c. ; and Mr. Bailly, an English 
astronomer, fixes the time of a conjunction of Mars, 
Jupiter, Saturn, and Mercury, mentioned in Chinese 
records, at 2,449 years before Christ. 

1. The ancient Clitnese astronomers and mathematicians were held to s ftsrftal rs* 
tponsibility for the correctness of their calculationa In the reign of the Emperor Chou* 
Mip. his two chief astronomers, ffo and ZH, were condemned to death for neglecting to 
announce the precise time of a solar eclipse, which took place B. 0. 8,109. 

8. Tiie Holy Scriptures, some part» of which are very ancient, eontain several allnsloiiB 
to the science of astr'>numy. In the first chapter of Genesis we have an account of 'the 
ereati^/n of the Sun, Moon, and Stars. ** And Ood said. Let there be lights in the finna- 
.nent of the heaven, to divide tlie day firom the night, and let them be for signs, and for 
sesimns, anil for days and years. And let them be for lights in the firmament of the 
heaven, to give light Ufton the earth : and it was so. And €k>d made two great lights; 
Uie greater liffht to rule the day, and the lesser light to rule the night: he made the 
atars'also.'' Verses 14-1 a. 

8. In the book of Job, written 1,5(K'> years before Clirlst, we read of several constella- 
tions that bear the same names now tuat they did three thousand years ago. ^ Which 
maketh Arctnniii. Orion, and Pleiades, and the chambers of the south.** (tx. 9.) Again. 
* Canst thou bind tl»e sweet influences of Pleiades, or loose the bands of Orion ? Canst 
thou bring forth Maxzaroth in his season? or canst thou guide Arctums wfth bis sons?" 
(Chap. xxxviiL 81, 82.) 



4. How astronomy regarded? (Smyth? Fenynison? Yonhg? Scriptures?) 
. .6. What ef antiquity of astronomy r Chaldean and Chinese ohservatioiia»t 
(Ses^naibiUty of Chinese astronomerB ? Aneient Soriptural atlaaioBa i) 
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ia AbrEOWOMT. 

-^ 9. Ptolemy^ an Egyptian plii1oBoplier,taiight astroBomy 
in the second century of the Christian era. He adopted 
the theory that the earth was located in the center ol tlie 

universe, that it was perfectly at rest, and that the sun, 
moon, and stars actually revolved around it, from east to 
west, as they appear to do, every twenty -four hours. This 
system is called, after its author, the PtoUmaia Theory. 

PTOLEUAIO TBSOBT OV THE STBDOTUBE OV THE VSVnUBBB. 



■r of a anten of tryiWHin anhH. 
npre»nud In 'i» cut Iliittaonghl 

UieflntiMenuir iDUieiecand. Venus tn Ibelliird the Sun in tlie fourtli. Mnn. 
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Janitor, and Satan in tfae next thrae, and the fixed bUvs 1b tb« eighth. The anelente 
haa no knowledge of Uranus or Neptune. This ponueruus machinery waa supposed to 
revolve from east to west around the earth, carrying with It the sun, moon, and stars, 
every twenty-four hours; and the spheres being crystal, the distant sum were vlslblf» 
thri>ngh them. 

2. If the sun was designed to enlighten and warm the different sides ot our globei 
tlio I'tolemaic method of effecting this ol](iect is must unreasonable. To carry tlie sun 
around tlie earth, to warm and enlighten its different sides, instead of liaving the uxurth 
turn tirst one sitle and then the otiier to Uie sun, by a revolutiun on its azi^ would lie 
like earryine a fire around a person who was cold, and wished to be warmed, instead %4 
bis turning himself to the fire as he pleased. 

3. The Ftulemaic theory would require a motion ineonoeiTably rapid in all the 
heavenly bodies. As tlie sun is ninety-five millions of miles from the earth, the entiro 
diameter of his sphere would be one hundred and ninety millions of miles, and its cir- 
cnmference about six hundred millions. Divide this distance by twenty-four— th« num* 
her of liours in a day— and it gives ttcenty'Jlvs miiU4m fuUeit an hour, or sixty-nine 
tliousand fovar hundred and Ibrty-four miles per second, aa the velocity of the sun t This 
tl'.oory would require a still more rapid motion in the fixed stars. It would require tlie 
nearest of these to move at the rate of nearly ybtf/*(e«!*i» tkoutand miUitms qf'tnilw per 
»tismd^ or seventy thousand tiroes as swift as light, in order to accomplish their daily 
eour<e. But with all these difflcultiea in its way, tlie Ptoleoudc theory was generally 
believed till about the middle of the sixteenth century, or three bondreii years ago. 

THB OOPEBNIOAN SYSTEM. 

^ 10. About the year 1510, the ancient theory of Py^Aflfjiw 
oras was revived ajid improved by Cop&fnicus^ a Prus- 
sian astronomer, and has since been called, after him, tho 
Copemican System, 

1. The investigations of Ck>peniiciis were eondneted between the years 1607 and 16901 
In the latter year be finished iiis tables of the pbuieta, and his great work, 7%^ Ji&votuf 
turn of fits CelMtial Orb» ; but he did not venture to jmblish his views till thirteen years 
after, or 1548, when he reoei' d a copy of It only a tew hours before his death, and con- 
sequently never read it in print It contains the old philosophy, inten<]>ersed with his 
own original and acute conoeptloaa, aud was received under very considerable opposi- 
tion. — ^yth, vol. 1, p. 88. 

2. Copernicus is generally regarded as the ditcoMrer of the sjrstem which bears hiS 
name, but this is apopular error. There is abundant nroot notwithstanding the loss of 
Iris writings, that Pythagoras understood the leading featurvs of what is now called the 
Copemican Theory. 

-^ 11. The first prominent feature of the Copernican sys- 
tem is, that the earth is a 9phet*e or glche^ inhabited on 
all sides. 

The evidenoe that the earth is a rphere or globe may be arranged and stated as ibl- 
lows : 
^^ 1. Admitting that the snr, moon, and stars are fror///*, the Ikct that titer sre rmtnd^ 
'v M^e see tltem to be, affords ground for the presumption, at least, that the eariii aUo is 
\ roiKkL 

2. Wster Iklling IVom the clouds is gathered into little globes or dropn ; and molted 
iCAil itoured from the simamit of a hi)rb tower assumes the form of globes, whicli. when 
e(x»I«<U are rolled aft^ And the same law would caiue a latter mass of tiui<] ntatter, if 
Kft unilisturbed in space, to assimie the same shape. But the Bible teaches tliat tho 

lisriit and heat? What in respect to the motioua of the heavenly bodies} 
AVas such a theory ever frenerotiy believed ? Till how recently 

1«>. Who wa** Copernicus? For what distinguished ? About what time? 
AVIia' of his investigations? His work? its publication? Character? 
iVhat popular error noticed ?) 

11. State the first leading feature of the Copernican theory. (What 
m-oofs of iu correcmeM } Th« firat? Second? Third? IXurth? is'iftUI 
Sixtii? Seventh?) 
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whole «arth was once in a flaid itoto— -one yast drop— the rabetonees now eonstttnttns 
the oceaiiA and continents being indiscriminately mingled together. ** And the earth 
wflft without form and void [/. «., chaotic, confhsed, nnoi^ranlzed], and darkness dwelt 
atK>n the fnoe of the c/'<«fp ; and the spirit of God moved apon the face of the watent. 
^ * • And Go'* ^i(t Let the waters under the heavens be gathered t«wether unto 
one plaop, and let ....«.i dry land appear : and it was sa And Ood called the dry land 
Atrtk. and the gathering together of the waters called he teas.'^ — Genesis L 2, 9. 10. Up 
tn this time there was no ** earth,^ either as continents or islands, neither were tiiere any 
** (teas,*" but all the elenaents were mingled together; and a mass of fluid thus drtipped 
hito space, from the hand of the Creator, would be as certain to assume the form of a 
globe, as the melted lead from the shot-tower, or the water trom the passing cloud. 

8. The apparent elevation and depresaion of the North Star, as we approach toward or 
recede from it, shows that the surfiice of the earth is oonTez, or that the enrth is a globe. 

4 The fiict that the tops of mountains are last seen as we recede from, or first as we 
approach, the sea-»hore, proves that the snrfkce of the water upon which we sail is con- 
vex : so when a ship is approaching the shore, the topmasts are always seen first and 
the hnll or body last And when seamen wish to survey the horizon at sea to a gr^at 
dii«tance, in search of wtiale or other shipping, they ** go to the mast-head,"^ as they call 
It from which point they can ofl»n discover ol^ects tiiat are entirely invisible from the 
deck of the ships. 

5. If an aqueduct Is to be constructed a mile long, so as to be filled with water to the 
brim at every i>oint it must be about eight inches hiffharln the middle than at the ends, 
so as to allow the surface of the water to conform to the convex figure of the globe. We 
Bay higher, not that it needs to be higher as determined bv a water level, for a water 
level is convex, but higher as determined by a straight line arawn from, one end of the 
a^neduct tn the other. Tliis definite knowledge of the curvature of wi|ter, even for small 
di^lancea. shows that the earth's surface is convex — or, in other words, tliat the earth is 
spherical. (Tht* curvature trom a tangent line is b inchfstfor one oiile, trum the point 
ctf contact; 82 inches for two miles; 72 inches for three miles, &c) 

6. When the moon foils into the shadow of the earth and is eclipsed, or, in othei 
words, the e:uth gets into her sunlight and throws Its shadow upon hor, the sliadow is 
seen to be convex. We must either conclude, therefore, that the earth, which casts tho 
shadow, is in the form of a dinner-plate, and is always kept stdewise, and the same.side 
towarl the sun (which we know is not the case); or tliat It is a globe, and casts a coni- 
cal shadow, whatever its position. 

7. The earth is known to be a globe, flrom the fkct tha. ships are constantly sailing 
around it 

8. It is not certain whether Ptolemy admitted the earth to be a sphere or not 8om« 
writers maintain that he rejected this doctrine, and others that he aimitted it In the 
** Primary Astronomy,*' page 8, the author has inserted a cut representing the Ptole- 
maic tlienrv. with the eeaWVjfUU; but in tliis work (page 12), where the same tlieory is 
«^pre^ente<l, the earth is shown as a globe. In all other respects, the theory represented 
iit the same in both works ; and tliis is only a minor (Mint in the system. 

^ 12. A second leading feature of the Copemican theory 
18, tiiat the apparent revohition of the sun, moon, and 
stars westwaM every day, is caused by the revolution of 
tlie earth around its own axis, from west to east, every 
twentv-four hours. 

That the heavenly bodies appear to revolve westward, is no proof that they are actu- 

blly In inot'on. We often transfer our own motion, in imagination, to bodies that are at 

test; e<iH»oi.nl!y when carried swiftly forward without any apjiarent cau»e. a* when o:io 

travels in a steani1>oAt or railway rsf. and when for a time he forgets his own motion. 

^ **0>pt'rni<'U!« tfUrt \\* that he wan flrxt led to think that the apparent motions of the lieav- 

""^e«i|y bo'lie*. In their <I{iirnal revolution, were owing to the real motion of the earth in 

■ the*»)pfMi»ite dlre<?tlon. from obserx^ns; InHtanceo nf tliesnme kind among terrestrial ob- 

v^ ;.' 'octs: a* when the shore >eein!* to the mariner to recede as he rapidly r^a\\* from it and 

/ IS tree^^and other cthjectH seetn to sli lehv us when, on riding swiftly past them, we Imtc 

^^^Ihe con!«ciousness uf our own motion.*' This remark would ko to sliow that tue revoiu- 

^"ioa of the earth on its own axis was an original discovery with Copernicus. 

12. State the tecond leadiniuf feature of the Ooperuican syHtem. (Do not 
9urown seniles famish proof that the heavenly bodies revolve westward 
iailv f Why not f Wbat remark firora Copernicua I What doea it aeeiu to 
unidy 1) 
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--^3. A third festnre of the Copernican theory ia, that 
t£e sun IB the grand center around which the earth and 
sU the other planets revolve. 



t The aboTC cat li t npreMntBtlDD of th* OipgrHdKM TkeBm of tti* Bolu BfMem. 
In Ifae eenlar it Hen Uie tim. In ■ lUU of rcM. Aronnd hlin, it iui«i)ni1 dlatauna, an 
dw pliiHl* und flitd >un— tba tbnaer raralTlDK ntHiiil Mm IramirMt la (Mt, orrniia 
...^^ ....,.* H...._i. '■-■—jKi.ni the orMfturpnUn. Id -'■'-'■■'- 



1 TbitniOi of thaCopemliiuillie«i7tiH>ihM<heilby tbe•;.n(eanc1n)>lTe■^r1Mtl»■ 
tTenhD^<l^ed9Dr jearatwfUn U^py onai. ^.- Miail t1i«refUre usi)in* the truth of thli 
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14, SOUDS, SUBFACES, &C. 

A Solid^ or Body^ is » figm» harin^ l^sgtfr, T>r^edlfcto, 
aad thickness. 

A Stifrfaoe is the outsidsi or e9ctmorQt2if iKwJyv ^^ l^W 
length wd breadth only. 

Sii;fiv;09 are of three kliids^^P2m<9 C(m<>am^ and ^> 

Asarftm may also he rmt^^ nt^mnH>«i&i^ hard or m^; tli» above d^oltlon bftirlog 
reference only to the genercUjtgureot bwiftut. 

A Plane Surface is one that is perfectly flat or even, 
Vke the floor ot a buildin<?y or the sides of a room. 

1. "We mayfmafj^ne vhat in called a /)//riM. tn extMMl oflT 1>ey«>n(1 tlte pinnfmu^t^ 
OA far as we please; or, in otiier wiu'U. to be hulf^iiUfty escteitded. When a. plane or 
r. line is exten<le<1 in thi» way, it is ahI I to be p^tf/ncfu. 

2. An imaginary plane may exist wbt>re there is no ftotfr/ havinr a pYane snrfice: or 
between two lines, lil^ the plane of ft circle. A slieet of tin. hiiil atrrosa a K:n ill wire 
hoop, weald represent the plane uf tliat circle, in whatever imsiitlon it iniKlit Ihs held, 
whether Horizontally, perpendicniarly, or otherwise ; antl tlie plaiw which tiie tUi would 
pass through, if extendeit to tlie starrv; beavenss is the plane of tiiat circ1e> 

8. All objecta which the tin would touch or cut, u extended outwiml to 
the heavens, or to infinity, are in Vt« pltin^, of tlie sheet, i>r the circle iifMm 
wliicli it i» laid. A point Ih in a plane prcMluced, when Uie plane continued 
fw extended would pais throo^i tiiat iMilnu 



M 



Parallel Planes slvg. such as would never meet 
or cut each otlier, however far they nii^ht be ex- 
tended. 

Tlie two sides of a board, or two sheets of tin pUwad eqntdlsUotihHn each 
otlier at every point, represent imrallei planeSb 






W 



* To rnrae who will use this work, many of the folio wintr diagrams and deflnltfons w*1l 
be Huperfluous, the substance of them lieing alreaily sufficiently understoml. With mtcli 
students the Judicious teacher will jiasa rapidly ever the next ten pagei, or omit tlieui 
altogether. 



14. Define a mdilj or M^-^ti surface. How many kiutiU of. 9iurlUc«8f 
Auy other. diatinQtioca !) AVbat is i^ piano surfacfi.? (Miitj^ i^. plaile;^ oxtetid 
Jeyopd thfJiUluie Bjir&oeri tfftv a pUne^xtist wli«ro.tU«ir».i8 no be^y ' IW 
loattate. What bi a. plane froauetdYi What are paraUd planes f rerp^;- 
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Perpendicular Plant) are 
3ucli as stand exactly uprigbt 
upuii eiich other, or crose each 
iitlier at right angles. 

In [ha Ogare, ons pline li fltttt hi 



Incliiied Planes are such as 
are inclined toward, and cut 

each other obliquely. 

The ATigle of Indination is 
the angle contained between the 
two Buriaces of the planes near- 
est each other. 



Mot ttia Ajigla of iDdlDsUoii. 

The Area of a plane figi 
contained therein. 




i is tlie amount of eurfacfl 



A Convex Surface is one that 
i» swollen out like the outside of 
a bowl. 

A QmcavB Suifaoe is one that 
is hollowed oat like the inside 
of a Iwwl. 

15. Spbebes, , Hemibpeibrrs, 
and SpBEBotDs. 

A Sphere is a globe or baU, every 
part ot the surface of which is equidis- 
tant from a point within, called its 
center. 

B ardliurj daflnlUDii; bntli AUnmiBj. Um Mm 
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dicalor? Itidined) What it meunt by tlie i 

of a plsiie aiirfiico I De«crib« a cnnnse aiirlliu 

16. Dawiriba aaphare — hsmiaphsre — spliiT 



igle of incli 
ij. (Oerivi 



onof apheroiii!) 



A Herm^'heee is the half of a sphere or 
globe, or of the apparent coocave of the heav- 
ens. 

Id Qttwr^hy wb <rft«iiToad of t 

cm nni] Bouilieni hiniilB|>bora, bo 
pUwl 'it tlw Konheni ud Sontha 

A Sphfo-oid 18 a body resertJMng a sphere, but yet 
not perfectly ronnd or sphOTical. 

Spheroids are of two kinds — Oblate, 
' "" 1 or Prolate. 



P 



An Oblate Spheroid ia a globe 
slightly flattened, as if pressed on .oppo- 
site sides. 



^ 



A Prolate or OUong Spheroid is an elongated 
sphere. 

This flrnrs. Ilfea mi ObluM Spheroid, ad 

«ph«ric«i form. II mty be mneh or bill il ^ 

oUiarwlM. AcoIDiiHni(«gitu ObluDgSpberoUL 

Tlie Ai^ of a sphere is «xb or a ipbu 

the line, real or imaginary, 
around which it revolves, 

The Polei of a sphere 
are the extremities of its 
axis, or the points where 
the axis cuts the two op- 
posite sur&ces. 

The .Equat&r of a sphere is an imaginary circle upon 
its surface, midway between its poles, the plane of which 
cuts the axis perpendicularly, and divides the sphem 
,"nto two equal parts or hemispheren. 
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The equator of a sphere is sometimes 
called a Oreat Cirde^ because no larger 
circle can be drawn upon its surface. 

A Less Cirde is one that divides a 
sphere into two unequal parts. 

In the ent, fh« drelas an represented in peivpectlTt. The 
6«eat Cirde embraoes the middle of the spiiere, wliere ite taXk 
diameter is included ; while the Leas Circle pawMS around it 
between the Equator and the Poles, and ia conaeqaentlj ** leaa** 
than the Eqoator. 

Meridia/M of a sphere are lines 
drawn from pole to pole upon its 
surface. 

. 16. Lines and Anolbs. 



A Paint is that which has no magnitude or extension, 
but simply position. 

**Tbe eommon notion of a point is derived fWtni the extremitf of some slender body, 
inch as the extremity of a common 8ewing-mv«II(>, This being perceptlMo \o the 
senses, is a phyHeal pointand not a matK*>nuitical poitU; for, by the definition, a 
point has no magnitade.^ — PBomsoa PsKKiNSb 




A Hig/U Line is the shortest distance 
between two points. 

A Curoed Line is one that departs con- 
tinually from a direct course. 

Parallel Lines are snch as remain at 
the same distance from each other through- 
out their whole extent. 

Ohlique Lines are snch as are not paral- 
lel, but incline toward or approach each 
other. 

When two lines intersect or cut each 
other, the space included between them is 
called an Angle. 



A KIOHT LIKS. 



0VBV1D LIHA 



FARALLKL IXlim. 



OBUQiTK Lnraa 



AX AlTGLIl 




le. What is a point? (Physical? Mathematical?) A right line ?— a cnnrtd 
line ?— parallel lines ?--an angle ?— kind of angles f Describe a rigkt angle 
~~ acitto— an obtuse 
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Angles ore of three kinds — ^namelj, the Htght Angles 
the Acute Angle^ and the Obtu96 Angle. 

Ri^ht Angles are formed when one »»iwAmi.M\ 
right lino intersects another perpendAour 
larhf^ and the angles on ea^ side are 
equal. 



tnanMw 
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An Anite angle is one that is leas^ and 
an Obtuse angle one that is greater^ than 
a right angle. aoto xo»Tr«K. 

17. Of Triangles. 

A Triangle is a plane fi^re, bounded by straight 
lines, and having only three sides. 

Triangles are of si^^ kinds — viz., JRig/U^ngled, Obtuse^ 
cmgled^ Acute^ngled^ Equilateral^ leoBcdee^ and Scalene. 

A Right-angled Triangle is one having 
one right angle. 

The parts of a Right-angled Triangle 
are the Base, the Perpendicular, and Uie 
Hypothenuse. 

BVpo< ft < m i— , bom a Greek word, which signifies to wubtend or ttreichr-^ line sub- 
kdedftx>m the base to the perptiiidiciilar. 
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Hit 
tanc 
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An Obtuse angled TriangU ia 
rme having an obtuse angle. 




AO0T»>AXr«X.B]» TBZAirOta 



An Acute-angUd Triangle is one 
having three acute angles. 



An EgmUxtefTiA Triangle has all three of 
its sides equal. 

gqudlat&ral, from the Latin afquttt, equal, and kOeralUt IKmb 
UjOm, side. * 




AN BQUIULnEnAli 
TKIAKOLB 




17. What IB a triangle f How many kinds f Describe (or dnw), a xigihu 
taigled triADgle. Describe ita puts. (Hypothenuse?) An obtuse? Acute! 
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An IsoBoeles Triangle had only two of its 
sides equal. 

Tilt* t#rm /mmWm to fmm a Greek woH. MimlfS'lnff Af»//i/ Atg^; 
bvutw ft triangle with twu equal legs Is caUeU an iMMOulet Triaiiglti 



A Scalene Triangle is one having no two sides 
^ual. 

The term SeaUfut fs from tb^Oreek ttaltnat^ an4 aifnlflM •WifiM^ unt^uiaL (S«t 
•btuM aod acttte angled.) 




' 18. Circles axd Ellipses. 

J A CVr(?^^ is a plane figure, bounded by tk 
curved line, every part of whicli is c(ju«uly 
distant from a point within called the center. 

Coneentrie Circles are such as are drawn 
around a camtnon ceriter. 

The Circurnference of a circle is the curved 
line which bounds it. 
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The Diameter of a circle is a right 
line passing through its center, and ter 
minating each way in tiie circumfer- 
ence. 

The Radius of a circle is a right line 
drawn isjwx its center to auy point in the 
circumference. 

The pinral of radtoa Is radU ; and aa radlf nmceed from a common center, llirht, 
which proceeds from a Imirinoaa point in all direi'tl«inK. to satd to rodiaiU { and the 
*l^t ttioB dtopened la sometimes called radiaUunM or ratUancm, 

All circles, whether great or small, are supposed to be 
divided into 360 equal parts, called degrees; each degree 
into W equal paits, called minutes; and each minute 
into 60 equal parts, called seconds. They are marked 
respectively thus : Degrees (•), minutes ('), seconds ("). 

Equilateral? (Derivation lt»oiieercH? (Derivation?) Scalene? (Derivnr 
tioii ?) 
18. Wbatiaaoivolef Concentric circles ! The Cireumferenoe ? Diau.«trr? 
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PARTS or A CIBCUL 



To tATe the trouble of dividing a drde Into 860<^ In order to meosnre the degrees 
9i an anffle, wa make nae of an instmment caUed a ftotraotor. It oonsiaU of a eoiiil- 
eircle or silver or brass, divided into de- 

sreea, as represented in the incIoMd figure. a pkotraotos. 

To measure an angle, as A B C the ^gyytiMMwiw^ . 

straight edge of the protractor is placed .^^SSmmmm^m^^ a. 

upon the line B G, so that the center 
aroaod wliich it is drawn will be exactly 
at the intersection of the lines, or {mint of 
the ansle, as at B ; then the number uf de- 
grees included between the lines on tlie 
protractor will represent the qvantittf or 

amount of the angled From this it will be BMH^^^^^^^^B^^^a^^^^MS''(i 
seen that the amount of the angle docs not g|j|^^^H^^^^^^^^^^^MlB« w 

depend upon the length of the lines which ^ 

form it, nor upon Uie magnitude* of the 

circle en which tlie deen>es are niarlced by which It is meai^ored, but simply upon tho 

width of the opening Mtween tlie line^ nn compared with the whole circumference 

firc»and the point B. A circle marlied off into degrees, minutes, and seconds, is called a 

graduated droU, 

Circles are also divided into Semicircles^ Quadrantifj 
Sextants^ Signs^ and Arcs. 

A Semicircle is the half of a cir- 
cle, or 180*. 

A Quadrant is one quarter of a 
circle, or 90°. 

The term Quadrant is appMeil to a nautical Insrrn- 
ment, of the (onn of a rpiarterof h cIrcK which Is much 
U!«e«i by navlgaUirs in d(>t«>rii)iniiii; the altitude or «i>pa- 
rent bight of the sun, mur>n, and stars. 

A Sextant is the sixth part of a 
circle, and contains 60°. 

The word 8eori€mt%\w denotes an ln<«tmment similar to a Quadrant and Is used for 
•imilar puriKMtea. The main difference is, that one renresentK (Kt^, and the other OO^, 
«f a circle. The Octant^ or eighth part uf a circle, is also used for similar pnrpoaea. 

A Sign is the twalfth part of a circle, or 30°. 
An Arc is any indefinite portion of a circle. 

The word Are Is fW>m the Latin arena, a bow. vault, or arrh. By aaaoclating the woru 
oro with artk^ the student may always remember its meaning. 

A Chord is a right Ihie, joining the 
cxtremi ies of an arc. 

The Chord of an Arc is said to be unhUntf^ (fW»ro Mcft, 
under, and teno^ to stretch), bec:ui!te it soeins stretched under 
the an' like the string of a bow. In the cut, there are four 
ar««, and as many chorda. The l<»wer arc is a iaive one, 
wliile the arc and chord, A C. are quite small Still each 
division of the circle, whether great tvr small, is an arc, and 
tlie line Joining the extremitlee of each arc, rospocUvely, iu a 
ehord. 
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Dcrtcribc. A graduated circle ?) Wliat lar«rer divisions of a circle ? What ib 
a Miuicircle ? A quadrant f (Note.) \ sextant^ ^Note.) A si^n If Au 
ttzt^f rDerivotioa of tonu lAtAuit a qImiU* (IVbjrsuiJiobottuUoadudll^ 
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■ocmrruciTT or ▲» KLuna 




An EUipM is an oblong figaro 
like an oblique view of a cii'cle, 
having two points called itsfociy 
around which, as centers, the hgure 
is described. 

Fooi is the plvnl idJbeuM, 

The longei* diameter of an ellipse 
is called its Major Axis^ and the 
shorfer its Minor Axi^. 

Awm » the plnnl of meU, The lonfer to ioino> 
Uine« called the Tranmoert^ end the Aliorter the 
C&r^ttffaie, Axto; bat maior end minor are more rim* 
pie and perspicaona, and Uwrefore preferable^ 

Tlie Eocen^i'ioity of Aii ellipse 
is the distance between its cen- 
ter and either focus. 

Xecentrio—^Bo, from, and eemimim, e^Utr, 
Henoe a circle that varies in it« distance from the 
center is ecofvUric So, also, penM>ni« who deiiart 
from the nsnai roand of thought and custom are 
called eoo0M<ric pOTBOoik 

19. ThK TbRBFSTRIAL SlMIKRR. 

The Terrestrial Sphere is the eai-th or globe we in- 
habit. 

1. Though the earth it noL strictly speaklnir. a e/tA^fv. as that flimre is defined (14X 
but rather an oblate wphsroid (14), still it is nsnally nA\v^\ a ttpKere on account %k Ita 
near approach to that ilgofe, and as a matter <if c«>n lenience. 

8. TWMCrioA Latin terrtntri^, ttnni terra, the eiirik. *^ There are also celestial 
bodie^ and bodice terrestrial ; bat the gloiy of the eeleatial to one^ and the i^nory of the 
terrestrial to another."—! Cor. xr. 4U. 

The Axis of the earth is the imaginar}' line about which 
it makes its daily revolution. 

The Poles of the earth are the extremities of her axis 
where they cut or pass through the earth's surface. 

The wire open which an artificial globe tarat repreaenta the earthls axto^ end tne 
eztremitiefe the North and Soath PoUml 

The Eqtmtor of the earth is an imaginary circle drawn 
around it, from east to west, at an equid distance from 
the poles, and dividing it into two equal parts, called 
Hemispheres. 

Boe illaatrattctn, page IflL 

An ellipeet Ita foci? (Plnml and aingalarf) Miuor and minor axeat 
(Singular and plaral ?) Eccentricity of un ellipse f (I>erivation ?) 

19. The tenoetrial sphere ? (Is tne earth a sphere! Derivation of tenn 
ten^Uiiilf) Aaia of tt)« euth f fologf Eqnatoil Latimaef PoruUubl 
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AffTBONOlCt. 




TBOPIOB AN1» POLAB 
OIROUE. . 



t/xUtude upon the eartih is distance either North or 
Soath of the Equator, and is reckoned each way toward 
the Poles in Degrees, Minutes, and Seconds. 

Ab tiie dlsCanoe from the Equfltor to the Pole cannot be more than a qnarter of a 
circle, or IMP, It is obviooa that no place can have more than 90^ of latitude ; ur, in 
other worda, all plac<*fl apon the earth^a anrftoe moat be between the Equator and 90^ 
•f bititadei either north or aouth. 

PAKALLBU. 

PwraUeU of Latitude are circles 
either North or South of the Equator, 
and running parallel to it 

We may imagine any conceivable nomber of parallels 
between the Equator and the Poles, though upon most 
maps and globes they are drawn only once for every ten 
d^l^eea. 

The Trqpirs are two parallels of 
latitude, each 23"^ 28' from the 
Equator. 

The Northern is called the Tropic 
of Cancer^ and the Southern the 
Ti^opic of Capricorn. 

I. The Tn»pical Circles are shown at E E in the an- 
nexed fl^rure. 

8. The sun never shines perpendienlarly upon any 
points on the earth fhrther from ttie Equator than the 

Tropica. Between these he seems to travel regularly, leaving the Southern Tropic on 
the 88d of December, crossing the Equator northwiu'd on the 20th of March, reaching 
the Kortiiem Tropic on the 8Ist of June, crossing the Equator southward on the l^d ol 
September, and reaching tlie Sontliem Tropic again on the 28d of December. In this 
niaiiner li^ Hrxi\\e> to cross and recross the Equator, and vibrate between the Tropics 
fh>ni year to year. The caune of this apfMurent motion vt the son will be explained 
hereafter. 

The Polar Circlea are two parallels of latitude, 23° 28' 
from the Poles. (See F F in the last cut.) 

The Northern is called the Arctic^ and the Southern 
the Antarctic^ Circle. 

The Tropics and Polar Cvrdee divide the globe into 
live principal parts, called Zones, namely, one Torrid, 
two Temperate, and two Frigid. 

A softtf properly slgniftea a girdU ; but the term ia here osed In an aeeommodnted 
lense, as only Uiree of these five divisioii* at all resemble a girdle. The pitfts cot off 
by the polar circles are mere convex segments of the earth's sur&oa. 

The tropia<* f Kimics? I 'ohir circles ? Ntimei« ? ZoneH? Names! (Aro 
there iu reality any frigid zones t) Situation of the several zones? MeriJ- 
uuw I LoBgitadeoQ the earth ? First meridian ? (European and Ameri 
QAQCbtftoaotlglAbettfi fi6wlox4^tti^]S^<«kedt ite g<««iUi^ ftttent * 
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The Torrid Zone is situated between """"""m 
tie Tropics ; the Temperate, between 
tlic Tropics and the Polar Circles ; and 
tlie Frigid, between the Polar Oircles 
and therolee. 

Mifridiana are imaginary lines drawn 
fi-om pole to pole over the earth's sur- 
face. 

MarldluH enn tbg Equtar it rifht uglH ; ind t)ia 
two MfHHImDB dlncllj oppmlta flai'h 



IB dlrecllj oppmlta 
'-■iEHtem4Dd WsUr 




lid diTlda the euili In 



Jj/ngitude upon the earth is dis- 
tance either East or West of any 
given meridian. 

A deem oT lon^tnd* it Iba Equtor imnrlm ibirat OH diII*i> but la \rm aA 
Ih » thfl mcrldUinB tppnaab tbc Potaa, tx, wnlab polnlB It ■ notliLd^ A dagna si 
WltDd* la ihoDt Nt mils on nil pMU or lb« cloba. 

The First Meridian is that from which the reckoning 

of Longitude is commenced, 

Od Enmprui eliurU uid globes, lonfindo l> ninillr TMkoiuid froin t}i« Bi)iiiH)b- 



ould be be1t«r for h 



HcordJhglj. 

As Longitude is 
reckoned both East 

and "West, the greats 
est longitude that 
any place can have 
ie 180=. 

20. The Celeettial 

El'HKRE. 

--—The Celestial 
Sphere is the appa- 
rent concave sur- 
lace of the hea- 
vens, surrounding 
the earth in ell di- 
rections. 

Til* Klctkni of Iho TemBtrtil t 



th* ObImHi] Bpbua n 
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Tho Aofit of tJte Beavena is the axis of tlie Oftrth pro- 
dnced or extended both ways to the concave surface of 



^^l.e! Equator of the 
heofoenSf or £qumoe- 
Hal, IB the plane of 
the Earth's equator 
extended to the starry 
heavens. 
^-^ DecUnaUon is dis- 
tance either north or 
south of the Equinoc- 
tial. 

IlHHutloii b to tha \tKntt 

pTKtoely wli 
tlie Hnh. 1 



-'^ Right Ascension is distance east of s given point, and 
is reckoned on the Equinoctial quite around the heavens. 

In OB* rwMct, Sight isceulDD Id th« bwena !• 1lk> lungltuils u ths Hnh; 
tb«r ws Iwu reckoned npon the mhiUotb ot tTiAir resiWFtlva Bplirrv^ But wliH* 
loneilndii ii HK^lKmM balh eut ud w«t or Iht B»t oierUlmn. in.! am tinly ninuaiit to 
iM Blglit Ascenilm 1b nckaned opIv ra-hrard. uiil >.,nrvi|u(nlly iiihi' ntiiuunl to 
SSO°, a the Thole cirele at the huveiu. Tlie prlnclpiil illlhrence bet» een ll^bl Ae- 
<usl« ud Caleatlil Lnngllaile t*, Uut the bnnei la rwkoutj uu Uie IJiuiniNthO, ud , 
Uh lUUran Uw ErUptto. 

'^ The SeTisible Horizon is that 
circle which terminates our view, 
or where the earth and sky seem 
to meet. 

■/The Rational Horison is an 
imaginary plane, below the visible 
horizon, and parallel to it, which, 
passing tlirough the earth's cen- 
ter, divides it mto upper and lower hemispheres. 

1. ThfM faemliiihena an JlittrmilahaJ ■§ ttpp^ mai Innrwlibrabreiioelafhg n^ 

to. Celeatial Bpharet (BeUlioD to Urreatrial!) Aiia of the hcBTsnil 
Equator of the neovensf Doclinalion ! (How illiiHtrated by lerrenCri*! 
)Mitn<1et How Teokoned t Italimicsfi ^ht vcenxiua t (IIqw reKem'ile 
lonritiulal Wbit diabmioel) i9eiiuH«itMizau) Ba^ooalt £xpkiiL ttj 




vrsnsrmtsa. 



W 



M. Tbe seni Ible horixon Is half the diameter of the earth, or ahont 4,flM nflea fttmi 
the rational ; and vet bo distant are the stars, that hoth these planes vcem to eat the 
celestial arch at tiie same point ; and we see tlte tame hemispliere of stars above th# 
aenaible horizon of any place that we shoald if Uie upper half of the earth war) n • 
noTod, and we stood on the rational horizon of that place. 

The Poles of the Horizon are two opposite points — 
one directly above, and the other directly beneath, 
us. The ibst is called the Zenith^ and the latter the 
Ifadir. 

The points Up and Dovm^ East and West^ are not 
positive and permanent directions, but merely .rela- 
tive. 



UP AHD IK>inr, Ain> XACT AIIB 
WKBTi 




1. As the earffa Is a sphere, tnhsblted em all aides, 
fhe Zenith point is merely oppotiU ita omier^ and the 
Kadir Urward ife eenter. So with the directions Up 
and Dtnon : one is from the center, and the other 
imeard it; and tbe same direction which Is u/7 to one, 
is down to another. This fi^t should not merely be 
ftcknowled^ed, bnt should be dwelt npon nntil tlie mind 
has become fhrnillarized to the conception of it, and di- 
vested, as farns possible, of the notion of an absolute 
up and down in space. We should remember that we 
are bound to the earth*s surfiu^ by attraction, as so 
manv needles would be bound to the surface of a spher- 
ical ioadstone. 

8. Eatt and WM also are not absolute, but merelv 
Mlative, directions^ East Is tliat direction in which 
the sun appears to rise, and West is tbe opposite direc- 
tion ; and yet, so fSu* as absolute direction is concerned, 
what is East to one, as to tlie observer at A, Is West to 

B, and so with C and D. And as tlie earth revolves upon its axis every twenty-lbnr 
hours, it is obvious that East and West npon its surftce must. In that time, change to 
•verv point in ttie whole eirele of the heaveiUi The same is true of Uie Zenith and 
JladJTf w «f up and dowo. 

JSpace^ in Astronomy, is that boundless interval or void 
in which the earth and the heavenly bodies are situated, 
and extending infinitely beyond them all, in every direc- 
tion. 

Space has no llmfts— or, in other words, Is IwundlsM, or inftnU&. Suppose six 
neraons were to start from as many different points upon the earth's surlkcc — ^as, for 
instance, one from each pole, and one from each of the positions occupied by observers 
hi the next fijrure. Let tfiom ascend or diverge from the earth in straight tines, perpen- 
dicnlarlv, to its surface, and though they were to proceed onward, separating from 
oAch other, with the speed of lightning, for millions of ages, none of these celestial 
voyagers would And an end to space, or any effectual barrier to hinder their advance- 
ment. Shonld they chance to meet another world in the line of their flight, it woidd 
soon be passed, like a ship mot by a mariner upon the ocean, and bevond it tpaes 
would still invite them onward to explore its immeasurable depths. And thus thej 
might go on jf&r^r^r, without changing their p<isition In resmct to the center or bounF 
dartee of immensity ; for as etemUy has no beginning, middle, or end, so apace is with- 
out center or circumference— an ethereal ocean, without bottom or shore. 



diagram. Polea of the horizon ? Names ? Up and down — ^positive or rela- 
tive' points? (Illustrate by diagram; ali«o eaxt and weBt.) Term space ia 
■atrouomyf (Basil any liimtaf lUubtration.) 
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21. FiBST Obasd 

DinSIOHB OF TBB 
USIVKESK. 

The visible uni- 
verse may be con- 
sidered under two 
grand di vie lone — 
viz., the SoLAJt Sys- 
tem and the Side- 
iiEAi. Beavenb. 
,^TIie Solar &/8tem 
consifitB of the sun 
and all the planets 
and comets that re- 
volve around him. 

Thft Sidereal ffea- 
vena include all 
those bodies that lie 
around and beyond 
the Solar Sjetem, 
in the region of the 
Fixed Star*. 
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II Lq vTeT; dLnedoo. 

In coueidering the general subject of Astronomy, we 
shall proceed according to the foregoing classification, 
treating first of the Solab Ststkm, and, secondly, of the 
SiDEBEAL Heavens. 



dmwinK.) ur«l)ialldivud«ad««i the BuUiorirBt treat t 



PART 1. 

THE SOLAB SYSTEM. 



-♦♦•♦- 



CHAPTER I. 

THE PRIMART FLANET8. 

22. The Solar System derives its name from the Latin 
term sol^ the «m. It sigtiiiies, therefore, the System of 
the Sun. It inchides that s^reat himinary, and all the 
planets and comets tliat revolve around him. 

23. The Stm is the center of the system, around 
which all the solar bodies revolve, and from which they 
receive their light and heat 

24. The Planets are those spherical bodies or worlds 
that revolve statedly around the sun, and receive their 
light and heat from him. 

The term pUfmH slfn1fl« % wanderer, and wtB appHtd to tli» Mlar bodiii bMMiM 
thay teemed to niove or wander aboat among the atank 

The Orbit of a planet is the path it pursues in its revo- 
lution around the sun. 

25. Tlie planets are divided into Prvma/ry and Seoon' 
dary planets. 

The Primary Pla/nets are those larger bodies of the 
system that revolve around the sun only, as their center 
of motion. 

The Secondary Planets are a smaller class of bodies, 

22. Of what doea Part II. treat t What meant by the Solar S/steiii t In- 
dndes whut ? 
SB. What is the aun t 

24. Deacribe the planets. (The term f) The orbit of a planet f 
S5. How planets oivided ! i)escribe each. (What other names for seooa- 



J 



ASTBOHOUT. 



that revolve not only aronnd the sun, but also around tba 
priniary planets, as their attendanta, or moons. 

TlHMcaiidirrpliuiatatnilwciltedJfdDHDr&iCelUtH A.tattatiilt^lbatnBtrti 



In [his caC, the tan mv be Men In (he center. The white drctM an the OrHM 

wh 1e tliey ill Ell 'tn bvether ironnd the son. On the right Is seen ■ CimiH plunrliie 
failn [be nyiKeui, hIUi his long and Dery tnln. Hia orbit la Men to be very elllptW. 
All thcH Wiee ue opika, the eiui empied. Bven the bluing ooinet ablne* only b; 

26. The planets are again divided into Interior and 
Ecterior planets. 

The Interior Planets arc those whose orbits lie within 
the orbit of the earth, or between it and the eun. 

M. What meBDl bj ioierior and extetior planets t (Wli; not Inferior and 
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The Exterior Planets are those whose orbits lie v>k/^ 
out the orbit of the earth. 

Soma AstiondiiMni ^pealc nf these two dtnet ratpaedTdr m Ti^Hot lad ifti jw tor . 
The reamn seems to be, that m those nearer the sun than the earth are lowet than abe 
ift— that la, nearer tiie xreat eeuter of the vstem— thej ar^ in thia rsapeet, ii^trior 
to her; while, on the other hnnd, those that are abotM^ or beyond her, are her tupiriart. 
But as tlie dlstlnetlon is fiiuiuled upon, and la batended to denote, the patitUm at the 
planets with reajieet to the earth's orbit, it is obvious that interior and etelerior are the 
more apnroprtate tenn.<«. It seema hardly aUowable to call the Aaterolda aaperlor plaa* 
•tSk and Mercury and Venus, whieh are uioeh !ai|^r. Inferior. 

27. Comets are a sin^lar class of objects, belonging 
to the solar system, distingaished for their long trains 
of light, their various shapes, and the great eccentricity 
of their orbits, /f ^ / "> ' 

imHBSB ANB KAME8 OF THB PBIMABT PUHnETB. 

28. The principal Primary Planets are Mercury. 
Venus, Earth, Mars, Jupiter, Saturn, Uranus, and 
Keptune. Five of these, including the Earth, were 
known to the ancients ; but Uranus and Neptune have 
both been discovered during the last hundred years. 

Besides the eight larger planets, there are now known 
to exist eighty-five small planets, called Asteroids^ all 
revolving between the orbits of Mars and Jupiter. 
Four of these, namely, Ceres, Pallas, Juno, and Vesta, 
have been known to exist since 1807. The remainiuff 
eighty-one have all been discovered since 1845, and 
most of them between 1852 and 1865. (For a complete 
li&t of the AsteroidSj see page 247.) 

The term Agteraid ainitflea s<ar-M4;e, and Is applied to these small planeta because 
of their comparative minnteneaa. They are never seen exoept thmueh telescopes, 
and thruufh ordinary instruments are not always readily dtsting ulshed from the fixed 
atars. 

29. The Primary Planets are denoted in astronomi- 
cal works by certain signs or symbols; and as their 
names are derived from Mythology, their symbols 
usually relate to the imaginary divmities after whom 
they are named. 

27. What are comets ? How distingaished ? 

28. Number of the principal planets ? How long known ? What other 
planets ? How long known ? what said of their discoyery ? Meaning 
of the term Asteroid ? 

2C. How are the planets designated in astronomical works f (Describe 
the preceding cut. Where the snn ? Primaries ? Secondaries ? Aste- 
roids? Orbits? Comet and orbit? «SVhich self-luminoiis^ and whicli 
opake.) 
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1. In tbe preceding euLthe planets are placed at their respeetlTe dlstanees from 
the sun, as nearly as can be represented In so small a drawing. The orbits of tho 
asteroids are represented by a few white circles only, located )Mtwe«n the orbits of 
Mars and Japiter. 

2. The naytbologlcal history and symbols of a few of the planets will now be given 
as samples «>f the whole, many of the asteroids not having any signs attached to 
their names as yet in astronomical wcnrkSk 

MYTHOLOOIOAL HISTOBY AND SYMBOLS. 



X 30. Mkbcuby was the messenger of the 
gods, and the patron of thieves and dishon- 
est persons. His symbol denotes his cadu- 
ceu8^ or rod^ with sei'pents twined around 

itC5)* 



HOD or MKRCURV 




MIBHOR or VKNUS. 



1. Hercnry was represented as very eloquent, and skfllfbl in in- 
terpreting and explaining — as the god of rhetoricians and orators^ 
Hence, wlien Paul and Barnabas visited Lystra, addressed tlie«|)eo- 
pie, and Mrruusht a miracle, they said, "• The gods have come down 
to ns In the likeness of men. And they called Barnabas Jupiter, 
and Paul MerauriuH, hecfiiue he woe the chUf ejteakerr 

8. **The etidueetts of Mercury was a sort of wand or scepter, Imme by Mercnry as aa 
«nslgn of quality and office. On medals. It Is a symbol of ^ntd conduct, iieiuxi. and 
prosperity. The rod repreMuts jxncer; the serpents^ tcieaom; and the hoo uinge, 
ailigenoe <md actMty.''^ — £MOYOu>PiEDiA. 

8. The original form of this sign may be understood by the preoi^lng cnt, to which th€ 
present astronomical symbol ( Q ) boars but a slight resembbuioeL 

\ 31. Venus was the goddess of love 
and beauty, and her sign is an ancient 
mirror or looking^lass ( $ ), which she is 
represented as carrying in her hand. 

Anciently, mirrors were made of hraes or silver^ hlghlv pol* 
'shed, so as to reflect the image of whatever was brought before 
them. Hence it is said in the Book of Exodus, written fifteen 
centuries before Christ, that Moses '*made the laver of braea, 
and the foot of it of lyraee^ of the looHng-glaeses of the women,* 
Ac For convenience, the ancient mirrors had a handle at- 
tached, as represented in tha cut, which very much resemblea 
the B\ga of the planet 

\ 32. Thb Eabth (called by the Greeks 
Oe^ and by the Latins Terra) has two sym- 
bols — one representing a sphere and its equator (9), and 
the other (©) the four quarters of the globe. 

^ All these symbols should be drawn in rotation upon the Blackboard, during reclt» 
tion, by the Teacher, or some member of tho class. It will be well, therefore, for thf 
student to observe Mch sign carefully, that he may be prepared to draw and explain 
It, if called upon. 

80. Who was Meronry, in Mythology, and what does his B3nnbol denote 
(How wa8 he representea ? Wliat Scriptural alluHion I Pescribe his oadu 
ocus. The meaning; of its parts I) 
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(s) represents an ancient shield or ImcJclerj "^^ ^"* •■™* 



WUAM. 




y 83. Mabs was the god of war, and his sign 
(i) represents an ai 
crossea by a spear. 

Omipowder wm not known to Um ueloatB, eonaeqoontlj thor 
had no pistols, maskets, or cannon. Ther Ibofht with short sworaa 
and spMuv* and defended themaolTes with the «AMkC, carried on 
the lot arm. A shield and spear were, therefore, yery appropriato 
emblems of war. The original Ibnn of the sign of Mus is pro- 
■ented in the cut 

34. Flora was the " queen of all the 
flowers," and her symbol (x) is a jlower^ 
the " Kose of England.'' 

35. Clio was one of the Muses. Her sign (7) is a 
fita/r^ with a 9prig ofla/wrd over it. 

36. Yebta was the soddess of fire^ and her sign (fi) is 
an altar y with 2k fire blazing upon it 

37. Ibis was the beautiful waitinff-maid of Juno, the 
queen of heaven. Her symbol (£i§ is composed of a 
semicircle, representing the roMtixn/o^ with an interior 
stao"^ and a base line for the horizon. 

" As an attendant npon Jnno," saya ProC Hind, **the name was not inappropriate at 
the time of diaoorery, when Jono was tnyersing the 18th hour of right ascension, and 
was ibUowed by Iris in the 19th." 

38. Metis was the first wife of Jupiter, and the god- 
dess of prudence and sagacity. Her symbol (^) is an 
eye (denoting wisdom) and a sta/r. 

39. Hebb presided over children and youth, and was 
cup-bearer to Jupiter. Her sign (?) is a cvp. 

Hebe was celebrated for her bean^, bnt happening one dar to stumble and roill the 
nectar, as she wasserring Jnpiter, she was tomed intoan Ao«w«r,and doomed to harness 
and drire tlie peacocks of the qneen of heaven. 

40. Pabthknopb was one of the three Syrens^ 9k sea 
nymph of rare beauty. They were all admirable svngers; 
hence a lyre (V) is her appropriate sign. 

1. The three Syrens— Parthenope, Ligeia, and Lenooaia— were r ep r es ent e d as dwell- 

81. Venus and symbol f (Ancient mirrors t Scripture aUiuion S) 

82. The Earth — anoi^ot name and symbols t 

88. Mars and s^boU (Andent mode of warfare f) 

84. Flora and sign t 

85. Clio and symbol f 

86. Vesta and her symbol t 

87. Iris and her sign t (Prof. Hindis remark f) 

88. Metis and her sign t 

89. Hebe and her sign! (Inddent mentioned hi vola f) 

40. Parthenope and lignt (What eaid oT ClMB/niMiff Oftlw i^ro 
vriatensM of the xuunet) 

2» 
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lug upon the eotxt of Sicily, And luring mariners upon the rocks of destmction hj theto 
encliaiitditr !><>ii^ llencewlmtever tends to entice or 8e4iuce to ruin is often called • 
** Bvrcii stiiijj." 

2. As tliift planet was discovered at the Naples Oheervatory. in Italy, it was qnite ap- 
[rupriate to nHine it after ono of the Syrens, that 'My tkology located on tlie coast ofh 
neijfhboring island. 

41. EoBRiA was the counscJor of Numa Pompillus. 
Symbol not yet agreed upon by astronomers. 

42. A&TRMiL was the goddess of Justice^ and her sign 
(40 is a balance. 

MTthoIogT teaches that Jnstioe left hearen, during the golden age, to reside on the 
earth ; but becoming weary with the iniquities of men, site returned to Iieaven, and 
commenced a constellation of stars. The cotistellations Virgo and Libra in the zodiac 
are ri^presentation? of Astrsea and her golden seales. So the female flgum, holding % 
pair of 9eitle»^ in the coat of arms of several of the United States, is a rej^iresentation of 
Astnea, and denotes JtuMoe, 

43. Irene was one of the Seasons, The planet was so 
named by Sir John Herechel, in honor of the peace pre- 
vailing^ ill Europe at the time of its discovery (Miay, 
1851). Its symbol (»ih) is a dove^ with an olive branch in 
her mouth, and a star upon her head. 

44. EuNOMiA was another of the Seasons — a sister of 
IrenQ. (Symbol not ascertained.) 

45. Juno was the reputed queen of heaven, and her 
sign (5) is an ancient mirror ^ crowned with a star — an 
emblem of beauty and power. 

46. Ceres was the goddess of grain and harvests^ and 
her sign (?) is a siclde. 

47. Pallas (or Minerva) was the ffoddess of wisdom 
and of war. Her symbol ( ^ ) is the head of a spear. 

1. The ancient Pttttadium was an image of Pallas, preserve<1 in the castle of the dty 
of Troy ; for while the castle of the city of Minerva was buildintc, they say this image 
fell from heaven into it, before it was covered with a roof — Took^a PawOieon. 

2. To a similar (hble, respecting an image falling IVum heaven, the Town-Clerk al- 
ludes. Acts xix. 85 : — '' Ye men of Ejilieitus, what man i!» there that kn<»weth n 't how 
that the dtv of Ephesos Is a worshiper of the great goddess JDiana, and of the imags 
which fell downfttim Jupiter?** 

41. E^eria and her symbol ? 

42. Astrsea and sign ? (Mytholoj^ical legend t Virgo and Libra! Wher» 
else found i) 

48. Irene— by whom named, and why f Symbol ! 
44* Kiinoniia and 8ynibol ? 
4). Juno and symbol? 

46. Ceres and her symbol ? 

47. Pallaa and her Bvmbolt (Aoctent PaUadimmf Kepntod OiigiftT 
BoriptigalaUnBion to it f) 
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4S. (Ttokia wta tlie goddees of health, and the daQgh> 
tcr of Esc-iiltipius, tlie father of the healing art. (Symbo) 
not a^'ieitJiined.) 

Onr IP Am vord nyyilan. whlita iIciilflH t)i< liiin oT hHlOi, la dar1n4 fin tt* 

((Hldiru il!i~^ 

)( 49. JvTTBB was the reputed father of the gods — die 
king ot heaven. His symbol (W) was originally the 
Greek If tter X,, zeta (the same as onr Z) — the initial of 
the Ore<;k word^eud, the name for Jnpiter. 

yC 60. Satckh — called by the 
Grreeks Chronoa — presided 
over Ume and chrvrwlogy. 
His sign (f?) represents a 
»>ytke. 

\. Satgn VH KptHMMd In HrthDlogr m 
*D old nm. with ifbigh bald UDcptlDe Han- 
hkck, wtth > «rtfaa Id om hind, ud u h<m> 
^•A In tlia oav. Tba woib )lpm Ig now 
used (a nprwvnt tbo*. 

^ Our modem word Arondogy^ from 
Anmnt, ttm*. ud Iivm. dlMmine, tlpdOca 
tbo Bcleflce of kooplng tJme, dalM, Ail 

>( 51. UaAHCB was the father 
of Saturn, and presided over 
astronomy. The symbol of 
this planet (W) consists of the 

letter H, with a planet suspended from the cross-bar, in 
honor of Sir "Wilriam Herschel, its discoverer. 

Tfali plutat It popalvl J known bj lh« nuno of HsrDchel, bat HtnpoTDBn now AlmoM 
nDlinull; oU ft tTnniu. It btmn Ihti nun* In tha Brillata SeuMeai Almanac (H 
ISU, wlib the hU cohkbi of BIr John Hencbel. Uie »n of the gnut dlKoverer. It wm 
lltMe*U«l Gmrgivm SUut, bj Dr. Hanchsl, in honor of bleToyilptInjn.Oaarta UL 

y 52. Nkptune was the god of the seas, but the symbol 
of die planet ( ?) is composed of an L and a V united, 
with a planet saspended from the hair-line of the V, in 
honor of Le Verrier, its discoverer. 

ThU f luM WH fint enlM 1* Virrt^r, but li mora gnMnllj known b]r the duw <t 

y^ 53. The Moos was called Lmui by the Itomans, and 

48. HTReift and BTtnbol ) (Tarai itj/jiian f) 
4>. JupiMT Bad his Hjoibol 1 

to. Ssluru ) Greek Dome ) Bjmbol 1 (How repreunted in itjthtiogj 
Word akrvnnioff}! f) 
Bl. Dranns and aymbol I (Whrt other munM, ud whjt) 
la, KeptuBa and liU lyoibsl I (Former name I) 
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Selene by the Greeks. She is known by various sj .^ 
bols, according as she is new, half-grown, or h.i. 
thus: •»•«), O. 

1. Frmn Luna we have our modern tenns hmar and lunacy ; the forrner of wlricb 
signifies pertaining to Uio moon, and the 'atter a disease anciently supposed to be caused 
by the moon. 

2. Selene^ in Mjrthology, was the daughter of HeUo9y the Smi. Our English word 
telenography — a descripUon of the moon^s surfkce — ^is ttom Selene^ her ancient tame, 
aud ffraphOf to describe. 

)( 54. The Sun — called Sol by the Romans, and Helios 
by the Greeks — is represented by a shield or buckler, 
thus : 0» ©» O. As the large and polished bucklers of 
the ancients dazzled the eyes of their enemies, this in- 
strument was selected as an appropriate emblem of the 

sun. / , 

Oil ./ 



DISTANCES OF THE PLANETS. 

55. The orbits of all the planets being more or less 
elliptic, they must vary in their distances from the sun 
in proportion to the elupticity of their respective orbits, 
and their position in their orbits. The following table 
exhibits the mean or average distances of the several 
planets from the sun, commencing with Mercury and 
proceeding outward. 

:,^:^ -Mercury . • . 37 millions, or 37,890,000 

;^Venus . . • . 69 " 68,770,000 

9 /Earth .... 95 « 95,298,260 

H^Mars .... 145 « 145,205,000 

"^The Asteroids, from 210 " to 300,000,000 

AT^Jupiter ... 496 " or 495,817,000 

-^.pSaturn ... 909 " 909,028,000 

ranus . . . 1,828 « 1,828,071,000 

eptune . . • 2,862 « 2,862,457,000 

The first colnmn of ronnd nnmbers only should be committed to memory by the 
student These should be well fixed in the mind, as it will greatly facilitate the pro- 
grt-ss of the student hereafter. The family of Asteroids being less important, their 
distances need not be l«M^ed in detail 

* it is impossible for the human mind to form any adequate conception of the dis- 
tance represented by the phrase "a million of miles.*' It is only bv conceiving arljrht 
in rejt;:ird to short distances, and then using illustrations aud instituting comparisons 
that we can form any distinct idea of these really inconceivable spaces. 




^Af 



63. The Moon — Latin and Greek names ? Symbols ? (Words hinar anr 
kinacy f Who was Sderu in M ylliolo^ ? Selenography ? Derivation i) 

54. The Sun — Latin and Greek names ? Symbol, and why ? 

55. Kehearse, in round numbers, the distances of tlie planets from the 
(Sabstance of note Ut ? Object or note 2d ? Note 8d / Note 4tU ?> 
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% The compantlT* diatanMB of the pUnets are reprwentad in th« ent, paga Ift. and 
abo in the following : 

COMPARATIVK DISTANCES OP THK PLAMKTB. 

\ ^ 

U N 




!! 



/ f 

8. To assist his conception of these rast distances, the student may Imagine a rail- 
r%nu\ laid down from the sun to the orbit of Neptune. Now if the train proceed from 
the sun at Uie rate of thirty milef^ an hour, without intemiiiwion, it will reach X^rcurp 
In l&J years: the Eart/t in 361 ye»irs; Jupiter \n 1.884 years; Saturn in M98 years,* 
Uranwt in 6,98S: and HtptwM in 10,80u years i Suoh a Joamev woald be equal to 
riUinff 900,000 times across the eontinent, from Boston to Oregon I 

4. It is now about &,870 years sinoe the croation of man. Had a train of cara 
atarted from the sun at that time toward the orbit of Neptune, and traveled day and 
night ever aiiioa, it would still be 284 millions of miles within the orbit of Uranaa— 
at>ont where the head of the locomotive standa, as shown in the ent! To reach even 
that planet would require over 1.000 years longer ; and to arrive at Neptune, nearly 
CiiOf) vears to come I Such is the vast area embraced within the orbits of the pluneta, 
and the spacea over which the sonlight travels, to warm and enlighten ita attandant 
woridSL 

56. The apparent magnitnde of the heavenly 1x)die9 
depends much upon the distance from which they are 
viewed ; the magnitude hicreasing as the distance ie 
diminished, and diminishing as the distance is increased. 

KKAB AND BKMOTK V1BW8 OP TBI 8AMK OBJKOT. 




Let A represent the position of an observer upon the earth, to whom the sun appeart 
IS*, or about half a degree in diameter. Now it is obvious that if the observer anvanoe 
to B (half way), the object will fill an angle in his eye tuies as large v it filled \vhen 
▼iewed from A. Again : if he recede from A to C, the object will appear but tvalf as 
large. Henee the rule, that the apparent magnitude la increased as the distance is 
diminished, and diminished as the olstanoe is increased. 

57. Could a beholder leave the earth, and, descending 
toward the sun, station himself upon Mercury, he would 
find the apparent magnitude of the sun vastly increased. 
Should he then return, and pass outward to Mars or 
Jupiter, he would observe a corresponding diminution in 
the sun's magnitude, in proportion as the distance was 
increased. Hence the apparent magnitude must vary 

56. How apparent ma^itudes of heavenly bodies modified t (Illastrate 
Dy dia^ntim.) 

57. Suppoae a person to go to Mercur}' — what effect upon apparent a'-ze o| 
the sunt 
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exceedingly, as viewed from different points in the solar 
system. 

THB ■UM, ▲■ SBClf PBOM TBI DIPPKBKlfT PLAHBTS. 



From 

N. H. 8. Japiter. ICara. 



• • 







The above cut represents the relative apparent magni- 
tude of the sun, as se^n from the different planets. In 
angular measurements, its diameter would be as follows : 



From Mercury . 824' 
" Venus . . 44- 
« Earth . . 32' 
" Mars . . 21' 

The Asteroids, say 12' 



From Jupiter 
" Saturn . 
" Uranus 
" Neptune 



• 6' 
. 60" 




Let us continue our imaginary journey outward 
yoiid Neptune, toward the fixed stars, and in a short 
time the glorious sun, so resplendent and dazzling to our 
view, wiirAppear only as a sparkling star; and me fixed 
stars will expand to view as we approach them, till they 
assume all the magnitude and splendor of the sim him- 
self. 



LIGHT AND HEAT OF THE PLANETS. 

58. As the distances of the planets, respectively, affect 
the apparent magnitude of the sun, as viewed from their 
suifaces, so it must affect the relative amount of light 
and heat which they respectively receive from this great 
luminary. 

59. The amount of light and beat received from th<j 
sun, by the several planets, is in inverse proportion to 
the square of their respective distances. 



58. What effect has the distances of the planets firoin the sun, respectively 
opou their relativ« ^ight and heat i 
69. What role g^ ferns the diffcuion of light ? (lUoBtrate I jr a diagnm>? 
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1. H«r« tlM Uglit is .w«B ptMlnf In right 11n««. from the snn on the left towar.*. tlie 
uveral planets on therijbt It is ilw> »h<m-n that the Mirfiioee A. R. and C rccoive "qtial 
cnantlties of lig^t, though R is foar thnefl. and C nine times, as lanre as A : and as the 
fight filling upon A is spmd over four tiinen as nmHi snrfai'e at H. and nine tinw^t as 
mncfa at C, it foliowsthatit is only une-nfnth as Intense at C. and 'otM*-f(»urth at II, as it 
mat A. Hence the rnle,that the ligMand heat o/Utt'planeUart^intenttliy^ a* th4 
9quarm qftkeir re^peetit^ dUUfiet*. 

2. Tlie student may not ex.ictly undenifand this last rtateroent, Tlie sqaare of any 
iramb«r is its prodnct, when m iltlplioii hy UH*if. N«>u- itu|>|NiM' we call Uie distancea 
A, B, and G 1, i, and 8 inlles. Then die miuare of I li* I : Uie (tqnare of 8 is 4; and the 
■qnare of 8 is 9. The light and heat, then, would fie in inr^ff |>ri>n4>rtion at these 
three pointa, as I, 4, and 9 : that is, f'lur times loi« at U tlian at A, and nine times less at 
CL These amounts we sliould BtM*jb is I, 4i snd ^. 

60. Tlie intensity of li jht and heat received upon the 
several planets varies, atcoixling to tlieir respective dis- 
tances, from 6^ times as mach as our globe to ^^i^th part 
as much. 

1. Tho oompantiTO ll^t and heat a tho plaaata— tha earth being 1^4t as M> 
Iowa: 




Jupiter 
3atum. 



t 



jnv 



Zleptuno. 



S. From thia table it appears that Mercury i u 6} times as mnch light and heat aa our 
globe, Uraaus only i^^^, and Neptane only ^-Kuth |iart as much. Now if the average 
temperatore of the earth is 60 degress, the average temperature of Mercury would be 
8SB degrees ; and aa water boils at 212, the tem.xratnre of Meremy rauSt be US degrees 
above tliat of boiling water. Venus would have an average temfierature of 10(1 degrees, 
which would be twice that of the evth. On the «>ther hand, Jupiter, Saturn, Uranus, 
and Neptune, seem doomed to the rigors of p« rpetual winter. And what oonceptioo 
caa we form of a region 9U0 times aa oold aa our ^lobe 1 Surely, 

* Who there inhabit must have other powers, 
Juices, and veins, and sense, and Hie than ours; 
One momenta cold, like theirs, woukl pierce the bone^ 
Freese the heart's blood, and turn us all to stone T 

•b It isiiot eertain, howerar, that the beat is proportionate to the light received hf 



60. Between what limits does the light r>nd boat of the several planeti 
▼wry t (What would that be for Mercury ? Foi VentiB ? How with the ex 
tenor planetit f Poetry f la it certain that the he^t of the phmets it In •acaet 
pxoportioatotheUghttheyreepeetivolyreoeiv^t Wfajnotf) 
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the resTMctlTe ptaneta,M Tarions IocaI eansen may eonspireto modify «Itbei extreme of 
the blgb or low temperfttures. For inhttinc-e, Mercury umy have an atmosuhere that ar^ 
reels the light, and aereene the IwNly (»f the planet from the insupportable rays of the 
ami : while the atmospheres of Saturn. llerscneU Ac^ may act as a refracting me<liam to 
gather the light for a great diatauce around them, and concentrate it upon their othei» 
wise oold and dark bueoma. ^ 

MAGNITUDE OF THE FLANETS. 

61. The planets vary as much in their respective moff' 
nitvdes^ as in their distances. Their sever^ diameterSi 
60 far as known, are as iuUows : 



J ^/' ^Mercury . . 

7 ^/^Is" : ; : 



ijt^i 



Mars . . 

Flora . . 

Clio. . . 

Vesta . . 

Iris • • • 

Metis • • 

Hebe . . 
Parthenope 

Egeria . . 



2,950 
7,900 
7,912 
4,500 



295 



Astrsea . 

Irene . . 

Eunomia 

Juno .... 1,400 

Ceres .... 163 

Pallas .... 770 

Hygeia . 

Jupiter . ^ ^//>y 88,780 

Saturn .^^^^2^78,484 

Ui'anu8.5>yy 7i 36,000 

Neptune^ ^^J^/. 35,000 



1. The tuteroids are so small and so remote, that measurements of their exact diam- 
•ters are obtained with great difficulty : hence the numerous blanks in Uie above tables 
And even when diameters are given, tliev are somewhat doubtftil. 

8. In the case of the other planets, we have given their mean or average diameters, 
according to the best authorities. As most of them are more or less oblate, their polar 
diameters are 2eas, and their equatorial mor<^ than the amount given in the table. 

62. The magnitude of the principal planets, as com- 
pared with the earth, ^^^llows : — Mercury,^ as large: 
Venus, tVj Jupiter,-*;^^ times as large; Saturn, l^oW 
tluieo, Uranus, ♦W" times ; and Neptune, -60. ^**' 

I. The magnitudes of spherical THwIie* are to each other as tne cubes nX their diam- 
eters. Thus, 79l2x7912x7912=49.VJS9.l74,4!28, the cube of the earth's diameter; and 
%!95(ixS950x395(>=25,672,875,(M)(i, the cube uf the diameter of Mercury. Divide tlie 
former by the latter, and we liave 19 and a fraction as the number Of times the bulli ol 
Mercury is contained in the earth. 



61. State the diameters of tlie Reveral planets ? (Why blanks in the 
lable ? What diumeterd are jriven — i>olar, eqautorial, or neither !> 

6^. Give the magnitudt of the principal planets, as compared with the 
earth. (Uow asceruun rehitive tnuguitadesl How possible that a mKt^tUiit 
«an be saoh an knmense wond I) 



p]jui«t4. u cvDipand with eub oUier, imd also wltli titt «un, 

63. The Sun.is- i,lmfi()0 times as large as our globe, 
and 700 times as large as all the other bodies of the sol.ti 
eystein put together. It would take one hniidred and 
twelve snch worlds as our earth, it' laid side hy side, to 
reach across his vast diameter. 

DENsrrr. 

64. The planets differ greatly in their dermty, or in the 
compactness of the substances of wliieh they are com- 
posed. Mercurj' is about three times as. dense as OHt 
globe, or ef|U3l to leo<J. Venus and Mare are aluuit tho 

■ same as the eiirtli ; while Jupiter and I'ramis are mily j'li 
as dense, or abtmt equal to water. Saturn has only ^Vii 
the density of our globe, answering pmtty nearly to curk 

*S. 8tat« the m»gnitiidc of Iha auD lu eompared with the earth. With 'lie 

' M. What meant b^ i^uic^/ Do the planets differ in this respect t State 
■nd Uliutrata. (How muiu at pluieu ucanaJDed I Hew with Uercury )> 



AffCBOHOUT, 



Utta; but u iI«ki 

llind, "ttat we Uift * onrlou nHttaod of ■ppftnlnuUi 



dMnmliwd bj Iha nToldthn of Onti tmmcHt* uUt 

lulllu Uia daMrmLmuloB of hli rnnag uiA denallTjt*- 

* But ft ^aUtnaiMj bqipfliu,'' uyBPror 



, jd bf thaplaiMt , 

N uonnd UM nm In IttUt d»» Urn Uitm jtin. uid ocaiilaninf f- 
nau Manmrjr, Ao. Fi«ii) omnpnlMiau IohiI npon tbeu pcrturbuJaiis, 



(}BATITA.-nOIT. 

66. Attraction, at Oramtaiwn^ is the tendency ol 
bodies toward each other. It ia that tendency which 
caaaee biddies raised from the earth, and left withoat flup- 

pOrt, to iUll to ita eurlkce. tmAmaa or m bBTS 

All nbnum U1 towud tho hiHiV 
««n»r Avm atory put of tlw ^ob*, M > 

rirlcal loadstone in>uld lUtnct putl- 
of pihI ta lu nir&co In OTorj' dl- 
tooUoa. Hance ibtn Ui«a four maiw 
(tandimoB dllfcrant tidal of tlia ^oli^ 
dmp «cfa 1 iilaM, uwf all Ul towaM 
tha aauia point bacuaa Uw wnb ati> 
traeta ciMm all lo baiaaU 

66. QravitatioH ie what 
constitutes the weigM of 
bodies, and depends upoa 
the quantity of matter in 
the 1x>die8 attracting, and 
their distances from each 
other. 

Tba reiaoii irbf a enbic fvi of eerk wetgha mneh liaa ttian Cli* aama bstk of lead, 1^ 
tli*tb«liigloa>dFaw,iiwBUIiuiiiiuh ItaamitMr M ba atlnotod. 

67. From the above law of attraction, it follows that 
large bodies attract much more strongly than small ones, 
provided their densities are equal, and their distances the 
same ; Mid as the force of attraction constitutes the weight 
of a body, it follows that a body weighing a given uiim- 
ber of pounds on the earth, would weigh much more on 
Jupiter or Satom, and much less on Mercury or the 
Asteroids. 

85. DeOne gravitatiiin. (What UlasCrstion given T) 

.. ^... _...^__. -..,..... .... ---n,rt]»td<»«Itdepeni! 

iighur thsD tha taail 

I tlie hva tai denttiy of the planets npon the tmiffil 

HurfacesI (Slate oomparative weighta. J'luelmiittI 

f_L. -_ ortion to bulk I Uow ll>ai4 



Vhy not stlnotire foroe or •reight in exaet proportioa 
'jdk* b« wai(b*d to Moenaln difEtaaiioi, and w% U 
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t Th« ibHowtiif table shows the relattTe attractive foroe of the ibb ad planitt A 
body Wtifghing one pound on the earth, would w«lgb, 

OnMercaiy 1 U On 8atam 1 5| 

** Venus 15 I "* Uranus 1S[ 

** Mars S I ** Neiitune unknown. 

* Jupiter 2 8 I *» The Sun S8 5} 

S. A person welf^ing 150 lbs. on the eartli would consequently weigh but 74 Iba. npoa 
SCan>; while upon Jupiter, his weight would he 375 Iba, ; and upon ue ann, 4,250 lbs. I 
The attractive force of the Asteioius la' so »Hgl»t, that. If a man of ordinary musculai 
atri-iiffth were transported to one of them, he might i«ntbably Uft • bogahead of lead 
fipum its surlhce without difficulty. 

& But the learner will notice that the attractive force, as shown In the above table. If' 
not in strict proportion to the fndkof the planets respectively. Tbis.dlflrerenoe will be 
accounted for by considering the dllTerence in their aetntiiy (64). From the principles 
there laid down, it will be seen at once, that thoiigh i>iie planet be as large acrain as another, 
atill, if it were but half as ilense, it would contain no ini>re matter than Uie smaller one, 
anil tlieir attractive force would be eqiMl. If Jupiter, for instance, were as dense as the 
earth, his attractive fiirce would be four times wlmt It now Is; and if the density of iJl 
the solar bmlles were precisely the same, their attractive force, or the weight of bodies oa 
their sur&cea, would be in exact pro|M»rtion to tliclr bulk. 

i. It most be remembered, however, that if a Itody were actually weighed upon the 
surfhce of each planet, by McaUi^ it would wei^fh the same on all, because the force of 
attraction u|H>n the w'^i/hU woukl be Ju.<t ei|ual to tiiat of the body to be weighed, 
wiiethcr it were m<ire or leiw. Witli a stecly.trd it would be the same. A quing and 
book, therefore, Is the only inatrument with which we could weigh otijeott aoeuratoly on 
the diffvrent plaoetSb 

68. If the earth were only one-half as dense as she now 
is, it would reduce the weight of bodies at her surface 
one-half. So if a body were taken fix>m the earth's sur- 
face half way down to her center, tlie weight would be 
reduced one-half. At her center it would be nothing, 
because the attractive force would be the same in Si 
directions. 

In this eat, the diameter of the earth la divided Into four 
equal parta — C. D, E, and F. At A, tiie whole attraction 
auiounts to four pounda. When the stone reaches B, the 
part C attracts as strongly upward as D does dwwiiwaril, and 
their fbroes balance each other. Then as C and D nmtually 
ncnfralize each other, we have only the parts K and F, or one- 
half the globe, to attraet the stone ttownwanl ; oonKcquently 
the attnustive force would be only lialf aa neat at B as i^ A, 
and the stone would weigh only two ituunuSb 

69. The force with which bodies gravi- 
tate towaid each other is in direct pro- 
portion to their respective masses, and in inverse propor- 
tion to the squares of their distances. 

A man carried upward In a balloon weUrhs less and leas as his distance flrom the earth 
ia increased. Tlie same law holds enA<l In regard to the planetary worlds. The nearei 
a planet la to the sun, or to any other b<j«ly, the stnniger the mutual gravitation. 

68. How effect weiurlit of 1)0(lie:« on the earth to reduce her density one- 
naif I How to take down half way to center ? Quite to center ? (IIlastrAte 
by diiufram.) 

69. Give the exact law of gravitatiou t (What aud of a man aacandin g U 
a balloon f Of more diatani planeta f) 
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69. This great law was discovered by Sir Tsaae JVeic- 
ton^ iu 1666. He was then only twenty-four years of 



age. 



The Inqniiy which led to th« dlwnreiy Is raid to have h«en snorcsted to the mliMl of 
thl< yoathfti! pbiloAopher by seeinje an apiile fall flnmi tlie limb uf a tree. ** What drt4' 
cbeM two globes (the apple and the cartii) together f* 

PERIODIC REVOLUTIONS OF THE PLANETS. 

70. The planets all revolve around the sun from west 
h» east, or toward that part of the heavens in which the 
sun appears to rise. 



To aaslBt his conception of the direction in which the planets revolve, the etndeiM 
"if the earth was in her o»bit b«voi 
go what 'we should call eattward^ which woiiM fie the Mine directiun that we riioald 



nay eappose that if tne earth was in her u'bit beyond the son, at 12 o'clt>ck, she would 



call westward on the earth, at tlie Mime time : as bodies revolving in a circle move Ui 
opposite directions on opposite sides of the circle. 

71. The passage of a planet from any particular point 
in its orbit, around to the same point again, is called its 
periodic revolution; and the time occupied in making 
such revolution is called its peinod,^ or periodic time 
The periodic times of the principal planets are as fol 
lows : 



TMurSb Bays. 

Mercury ... 88 

Venus ... 225 

Earth .... 1 — 

Mars .... 1 322 



Tend 


D*7I. 


11 


317 


29 


175 


84 


27 


164 


226 



Jupiter . . 

Saturn . . 

Uranus . . 
Neptune 

72. The periodic times of the Asteroids vary from 
1,200 to 2,000 days, the average being about 1,600 
days, or four and a-half years. This resemblance in 
the time of their revolutions is due to the fact that they 
vary but slightly in their distance from the sun, a cir- 
cumstance wnich governs the time of the revolution of 

all the planets. 

__. .^. - 

C9. When and by whom were the Laws of Gnvitation discovered t Uow 

<iU* (What led to this discovery ?) 
'iO. In what direetion do the planete revolve in their orbits f (Give iliita- 

tnition.^ « , . , . . 

71. W hat meant by the periotllc revolution of a planet I Its period or ^ertr 
od'4' tint* t Give the perio-ls of tho nrindpal planeti«. 

72. Periodic times of the Asteroids? Cause of agreement? (What 
eoDfttitutes the year of a planet? Compare yeara.) 
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HOURLY MOTION OF THE PLANET3 IN THKIR ORBITS. 

73. Tlie velocity witli wliicli tlie planets fly tbmnffh 
space, ill ixxrtorniing their per odical JDurne^'d around tlie 
sun, varies from 11,000 to 110,000 miles an hour. 'ITie 
liourly motion of the earth amounts to 68,000 miles ! 

1. Th« boarly motion of the planets is, approxlinatelj, m foUovs* 



Mil"! 

Mercnry IHUIOO 

Venua 75,iMK> 

Eanh 6S.<HK) 

Mare !A,(m 



MnM 

Jnpiter 3n,000 

Snturn 22.iM)0 

Uninns 1&.000 

Neptune .^ 11.000 



Here, insteati of finding the ffwifte^t pUnet* f.erforniinfr the longest periodic Jnnrneyik 
thi:« onler Is revcr!«e<l. and they are found revidviiig in the MiialleHt orhits. The nearer a 
planet is to the snn. the nN>re rapid it» motion, and tlie shorter Its {leriiMlic time. Tha 
rea.s4>ns for thi» ditlerence in the velocities and iicriodic times of Uie planets, will appear 
in a i«ub!^H]uent pHmgraph. 

2^ It may »ecni incredihie to the student that the pondemns globe is flying tlii^>ngh 
space at the rate of <>S,inni mileM an lioiir, or some W timei^ ss swift as a hnllet: hn^ 
like many othrr astonishing fitct^i in Aiitrononiy. its tnitii can easily l*e «lemonstrMtc<1. 
Tlie diameter i»r a cin*le is to \ts cirtMimforence as 7 is u» 2*2 nearly. Tlie eartli's dis- 
tance flr»im the snn Wing 1i5.(MM).hN) nnles. it \^ obvious tliat the wl'mle diameter of lier 
orbit is twice that dt«tan«*e. or HKMMNMNHI; then, as 7:22:: i9iMNNi,(HNi : ft97.142.857 
miles, the circumferencf i>f tlie earth's orbit. Divide this sum by 8w76ft, the number of 
tionrs in a yenr. and we have 6r>.l«)8 mile:* as tlie hourly velticlTy of the earth. 

8. As the earth is not pro|M*II«^l by macliincry like a steamlwiat. or lNirnen|M)n wheeli 
like a railnmil car. it is not strsnge that we are insensible of its rapid motion, especially 
as every tiling u|H>n it« snrfnre. and the atmoephere by which it Is surruuudeu, move 
onwaru with it In its rapid di^t. ^ t 

CBJrfRIPKTAL AND CEXTRIFUOAL FORCES. 

74. Tlie mutual attractive force of the sun and planets 
is called the cenhnpet<d force; while the tendency of the 

[)lanet8 to fly ofl^" from the sun, as they revolve around 
lim, is called the centrifugal f«)rce. 

1. The term cnUHprttU fa fh«m e^ntntm. center, and ptto^ to more towani ; and 
centri/'ugal, from centntm, and fngio^ to fly tVoin tiie center. 

2. Tlie c^ntrifngtil f«»rce is gi-ncniu*<l by the revohitUm of the planet, and is In prc»- 
portion to its velocity — ^tbe more rapid the retolutiunf the stronger the lentlency to fly 
off from the sun. 

8. If the oentrlfngal force were suspended, the planets would at once fall to the snn; 
and if the ceniripetai force were destroyed, tlie planets would fly ofl" in straight lines, 
and leave the solar system forever. Then udght be realized tlie chaoa and confttsion oi 
the poet: 

** Let Earth unbalanced from her orbit fly. 
Planets and suns run lawless thn>ugh the sky: 
Let ruling angels from their spheres behurletl. 
Being un being wreck'd, and world on world."* 

75. It has already been stated (65), that the force of 
atti-action depends somewhat upon the distances of the 
attracting bodies — those irearest together being mutually 

78. What Raid of the vtloeUy of the planeta t Of the earth t (Table I 
iiemarka upon it i How is the liourlv velocity of the earth ascertained t 
Why not sensible of this rapid motion \) 

74. Centn^Hitul and cenirifiural forces? (Derivation of temuif How 
uif uffal Ibroe geoeratfod } Suppoae iuthar auapeoded ?) * 
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attracted most. It follows, therefore, that Mercury ha« 
the strongest tendency toward the sun, Vonus next, tht 
Earth next, &c., till we get through to Neptune ; and as 
the centrifugal force which is to balance the centripetal is 
created by the velocity or projectile force of the planets, 
that velocity must needs be in proportion to their dis- 
tances, respectively, from the sun ; tne nearest revolving 
the most rapidly. Tliis we find to be the actual state oi 
things in the solar system. 

Tlia meehanism of the solar a^rstem strikinfljr displays the wisdom of the great 
Crc«at<»r. Th^; ceiitrifU^l ft»roe defiends. of oour:*e, upon the raiiidi^ of the revolution ; 
and in onler that- these forces iiiifriit be exactly balanced, God has ini]iarted to each 
pitiiiet a velocity Just suiUcient to prmluce a centrifhgal force equal to that of its gravita* 
tion. Thus they neither fall to tiu> sun on the one hand, nor tly olf beyond the reach o 
bis beams on the other., bat renmin balanced in their orbits between these two (rreal 
forces, and steadily revolving ttom age to ag«L ^ Uow manifold are tby works ! in wia> 
dom bast thou made tbem alL^ ^ 

LAWS OF PLANETABY MOTION. 

76. Tliree very important laws, or principles, governing 
the movements of the planets, were discovered by J^ep- 
ler^ a German astronomer, in 1609. In honor of their 
discoverer, they ai'e called Kepler^s Laws. 

Kapler was /i disciple of Tiftiho Brahs^ a Doted astronomer of Denmark, and was 
equHlly celebrated with his renowned tutor. Ills residenoe and observatory were in 
'^ itteiibei^, Germany. 

77. Vjlq first of these laws is, that the ^»«^'«»- 




orbits of aU the planets are elliptical^ ^ v 

having tlie sv/n in the common focus. / \ 

The point in a planet's orbit nearest / \ 

the sun is called the perihelion point, I ^—^ j 

and the point most remote the aphelion \ ^^ I 
point. Perihelion \QlLvoTCiperi^2i\io\itot \ y 

near, and helios^ the sun ; 2LniapJielion^ "v,.^..^-^ 
trom apo^ from, and helios^ the sun. fmuhkliow. 

From this firet law of Kepler, it results that the plan- 
ets move with different velocities, in different parts oi 
their orbits. From the aphelion to the perihelion points, 
the centripetal force combines with the centrifugal to 
accelerate the planet's motion ; while from perihenon to 

75. Why the planeta nearest tho sun revolve xawi rapidly in their orliitoi i 
(Reniftrk ?) 

76. Law8 of planetary motion ? (Who wa« KepUr f) 

77. Statettie>r«^of KcU^Vlawa. PerUi^ion? Apbeiioo* 



LAWS or FLAiraTABT ItOTIOK. 




ftphelion points, the centripetal 
BCtH againet tlm centrifugal force, 
and retards it. 



Ii rn-'-M. »tmv It »in>» to A|.l»1l«ii k/ui IM 

taMlml.Kily.inaK.P--" " - 

a. In l» •uuriuii 

7S. Tlie second Inw is, tliat the 
radius vector of a planet describes 
eqtud areas in equal times. Tho 
radius is an imaginary tine juhiing the center of the 
sun and the center of tlie ])lanet, in auy part uf its urbit 
Vector is tn)m vefio, to carry ; nam Tvnn. 

hence the radios vector is a mdius 
carried round. By tlie statement 
tli&tit deser^tes equal areasin equal 
Hmes, is meant that it sweeps over 
the 6ame surface in an hour, when 
n planet is near the sun, and moves 
Bwit'dy, as, when fiiitliest from the 
Bun, it moves most slowly. 

|>1inu !• » ellllMT. -Ith Ui« ■im In im* i.rui> InrL In 
nua uT ni<4l<>n nil] b« nneqiul In liinVrrBi iwru iif 
ila orbit— 9wltl«i4 It |>«llieU»ii. hikI tlnwMt iUiljiIm- 

triin^l font, Mrl tlw idinrug rOunlid. On Uic otlHr liiiwl 
Hhiielkin Mnt, Ilia centripml ml nMrirHinl Kiitm an 

aim-tl'in. Tlie; amMOUcnlly huun (lif pluiM nnimrrt. mil 

HuitlT wiWenitHf. Nnw MmniiHi, when Uir iihinrt <• u ■ SHUin i>nlnt new In Md- 
belldn, we dnw ■ tin* from lU anur t» tli* ttntM- <^ lh» tun. Tlilii line le tlw nulliM 

In It! n'rblt. n ilnw uiatlier line In the Mme nunnn bi tlw Min'n centrr. nnil B>llin*w 

On niin|iirl»in, II irlll be fonnd. tbst nntiilt1iMu'lln|c the iinequd'iv'wAjr iif llw plunet, 
■Dd ciHiMi]<WDtlj nt the nillu Tn»ur, u the two eiirit vt ILa elM[i>n the areH nver 
which ilie ndlusienar hu mveled Is the unialnbolli cuag Thautn>> |>rliri|>1e ub- 
lalnetn everr pan oTAt pla^eurTurh[t^ whiite'er mar be their ellli'lliiltx ut the niaaa 
dl«an<» of liie planet from the tun: haniv the mle, UialMf rodiin rteilor ^eiwilut 
tpuil areat in ti/tuii Minat, In the preceding cut, the tOFlire irlaii^Fi. niiiiib*'*d 1, 1; 

79. The third law of Kepler is, tliat the squares ofilw 



n (Iw ajiliellufi in 



<s 
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MARS IN CONJUNCTION 

e- 

6 



periodte times of any twoplcmets are propoi^tioned to ths 
cubes of their mean distances from, tKe swn. 

1. Take, for example, the earth and Man, whose periods are 339*2564 aud 6S6-979C 
dayN and whose distances from the sun are In the proportion of 1 to l*6286tf,and it ^ill 
be found that (865-2564)' : (686-9796)' : : (1) : (1 -52869)>. 

2. According to these laws, which are Icnown to prevail throughout the solar system, 
many of the facts of astronomy are deduced from other facts previously ascertainexL 
They are, therefore, of great importance, and should be atudied till they are, at least, 
thoroughly understood, if not committed to memory. 

ASPECTS OF THE PLANETS. 

80. Bj the aspects of the planets is meant their posi- 
tions in their orbits with respect to each other. The 
principal aspects 
are conjimction, 
qttadrature^ and op- 
position. Two bod- 
ies are in conjtmO' 
tion when in the 
same longitude ; 
that is, on the same 
north and south 
line in the heavens. ^^ 
The sign tor con- 
junction is 6. When 
90° apart, , bodies 
are said to be in 
quadrature^ with 
the sign D ; and 
when 180° apart, or 
in opposite part; of 
the heavens, they are in opposition, and the sigjn is 8» 
Conjunctions are of two kifids. An inferior conjwnction 
is when the planet is between the earth and the sun ; 
and a superior conjuncUon^ when it is beyond the sun. 

1. Let the student imagine himself stationed upon the earth in the out. Tlien the 

Th 




f....... ^ 

MARS IN OPPOSITION 



■un and three planets above are in conjwfhcHon. The inferior and superior are distin 
gutshed : while at A, a planet isshown in gwicfro^trtf, and 
(/ianet Mars in opposition with tlie sun and interior planet 



79. State the thinl law. (IllustratioD ? What »aid of the importance of a 
knowledge of thcr^e laws ?) 

80. Whut meant bv the aspects of the planets * State principal aspecta t 
Define eacli. Si^nsf How many kinds of conjunction?? Define each. 
( Kxplain by dit^rram. Wheu itt Veuua nonreBt i What differenoe at auporiof 
Mud inferior oonjuucciona 2) 



^ 6^, > ^t 



; / 



; 



^ . --^ 



/< , : "(i;" 
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f';(^t, 



& Wben at her taperior eo^Jnncttoiv Tarat is 154 milHoM of mnet from tke Mrtb ; 
bnt when at her inferiur toq)anctk>n, Blie is only 86 mtlHoM of milea diHaat, or the wbote 
diameter of her orbit uearer^^' , 

SIDEREAL AND SYNODIC BEVOLTTTIONB. 

81. The sidereal revoVution of a planet is a complete 
revolution from any given point in its orbit around to the 
same point again. 

Sidereal, from eideralU—tL rerolation as measured by the starsi See page S8, note 1. 
The periodic reTolationsof the pUuieta, given at Art 71, are sidereal revolntionSk 

82. A synodic revolv/tion is from one conjunction to 
the same conjunction again. 

1. The term eyncd signiflea a meetlmg or e onv emH tm ; and tfie tynodle rerolntlon of 
ft planet is a meeting revolution : that is^ IWnn <Mie meeting or oonjonctton ta another. 

2. ThedifllBrence between a sidereal and synodic revolution may be illustrated by the 
motion nf the hands of a cloclc or watclu At twelve o^dudi, the hour and minute bands 
•re together ; but at one o'clock, when the minote-liaiid haa made a complete revolu- 
tion, and points to XII. again, the hour-hand has gone forward to L, and the minute- 
band^ will not overtalce it till about five minutes afterward. The revolution of the 
xuinute-band from XIL to XIL agidn, represents the eidereal 7evolnti<m of a planet; 
ftnd when it overtakes the hour-band, it beeomes a eynodic revolution. 

& The sidereal and synodio perioda of the prindpsl plaoeta are as follows: 

6i<l«rtaL BTnodie. 

MeroQiT — • 88dayt 115d«i, 

Venus.. — 286 ♦* 8W '^ 

Mars , lyear,82S - T80 - 

Jupiter m 11 - 80T - .../. W « 

Saturn «» "175 •• 378 •• 

Uranus 84 * «7— 867| •• 

Neptune 1«4 « »6 « »«7i " 

From thtt table It Is seen that the synodic periods of the more distant planets eorre- 
ipond very nearly with the periodic time of the earth. Being remote from the sun, they 
move very slowly, and the earth soon overtakes them, after performing her periodle 
nvolatioa. 

■moDio roiOM or ram sxtsbiob plahr«. 
^. 

♦- ■» 




••tjirniurrjr::::^ 



S ^ p p eee tte earth ead UranMtobe iii ew J nnc ti eB, as (rtwwB at AB. In8«6|dm 
the earth performs her sidereal or periotUe revolntloa, and return to the pdlnt 
A again. £i the mean time Uranus, whose periodic time is 84 yean, haa passed 



81. What meant by the tidereal revelation of a planet ! (Derivation of 
term t Aro tho periods of tho planeta aidereal revolutions t) 

82. Synodio revolution ? (Iliustraie differenoe by dock. What fitd r^ 
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thnofli SBlj ,<,[k put of hliutilt.Br >baBt4iOta Uw pstst O', nd tn 4t ^7* '*» 
Utuaa !• oBl; Uli diTi, « 4i itjt Itmgu Uuiii tbt ptrkidls ttms if Lhe auik. 

THU XOLIPnO, ZODIAC, BIOKB, ETC. 

83. The Elliptic is th« jjlane of (h» earth^s oriit, or 
the path in wm<^ the son appears to revolve in the 
beavenB. 



I. In lb* (b«T* em. u UtHnpt !• buA« to npnHnt Ih* wllptfe, or pluM of Ih* 
(irUi'i orbit. It liuoUU)Da ilaw, which mukcstli* orbit (ppeirclllpttal. Itibnwt 
•ni-hilf at th* nil uid hUf thr Hrth on on* lid*, ud hil^ on th* ochfT. Th* cIrI* 
pnjjKUst bejond tta( nrbll l> 1o nprtwiit th> plus ut the acllpllo, Indeflnlldj tx- 

1. tr tlia MndcBt bM ur dinmltv in gsttlnf > fomct Idu mpHtlDg ths mllptla. 
M him HppM tht orbH of Iho eorth bi be > boop ot gmdl win laid opoB ■ table: th* 
■ntlluc of til* tilil*. botb wttbin and wUhnni ttao poop, wonhl thon reprcMM th* p1»M 
ortbeadlptts. Frmi tbaibondaflnlttoii ■ndd«srlpllon.%vlltb«ae«i tlMtthaeglln- 
tle ■■■■■« UFMth tin aantar of tl.o outh. aiid tba oHter of tlw hb ; eoKHqiientl; th* 
•enptbi Mtd tb* aiqMnRt poth of the ran tbron^ th« hnvaiis uv In tba how ^ua. 
ft will ba aaif , tbHafbra* to lacertiUD tba tn» poaltion of tlw ecliptic Ib tba beMreno, en4 
to Inufflns hAeooTSfl imonfEthe Btui. 

1. Tba pine of tba earUi'i orbit j» called tbe «U;itl«, beonn Mkptm of tb* au 

84. The poeition of the ecliptic to personB north of the 
equator is aonth of ua. It runs east and west, ciitttns 
tlie centers of the sun and earth. JVbriA of the (ecliptic 
is called above it; and south of it, below it. 

Tba itiiilnt 1110014 tmia be rantndad nmt th«f« i> M ilmliiw up or datn Ib th* 
nnlvena. HemBMilsafiunlagilMttbeldeethMtbeaellpllo nvbaAortenUni: TbI* 
term fan rafbreoee onl j to the earth, aad la dcoffHptf va of a plana depmdinr allocetlHr 
fcrliaawn podtloD apan thatof tbenbHTver.ie Akiwd and llliwaied at W. Thongh 
tb* «l1ptk la a pannanent pnnr. aa<l eata the atarry heavani aronnd m at the Bane 

Clnta frum age to anit haa no abaoJota w> or doton^ Dnlflei it Edionid b« the direction 
and from tin niB. TtHdiailBiiUDnat a£«H and bslingia merely arbltruT. an-l now* 
Mtof our paltleaBortb if tbeeqoatir.wblob makes theBHth aide of the ediptTo ap- 



flS. WliU the nMi*/ (Dow ent the euth and inn I Ptrintontfta cou 
tot^aliMiTra*. wbjciIl*dtheicAc<wr) 
W.'Wb*»««athf*«»aMMlMw*tli« M ltH H l (Sawwbln miH.) 



EatxrrtOt.wmua^ uons, etc. 
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85. The Poles of the Edmiic are the extremities of 
an imaginary axis upon which the ecliptic Beems to 
revolve. 

As fhe eeliptle and «qiiinoetl»l are not In Um tam* plane, fbelr polaa do not «o«ii«MK 
or an not in the Mme poiBk| in tip beavena^ TIm canae of thia variation will be ex* 
plained hereafter. .- , _/ . , . , / - . , / 

86. The Zodiac \% an imaginary belt 46^ wide, viz., 
8° on each side of tlie ecliptic, ana extending from west 
to east quite around the heavens. In the heavens, it in* 
dudes the sun's apparent path, and a space of eight d6» 
grees soath, and eight degrees north of it 
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la flila eat, the faiterlor dotted drele reprenenta the earth^s orbit; the exterio? tho 
fitoiM <rf her orbit extended to the atarry heavens. The dark lines each sido cf the 
eeliptio are the limits <rf the sodiae. The earth is ahown la perspeoti ve, hvfreet near to 
oa^ and growing amalleraa her distaaee la Inefeaaed. The arrow ahow her direction. 

87. The great circle of flie zodiac is divided into twelve 
equal parts, called signe. (These divisions are shown in the 
above cut, by the spaces between the perpendicular lines 
that cross the zodiac.) The ancients imamned the stars 
of each sign to represent some animal oroDJect, and gave 
them names accordingly. On this account, they gave 
the name sodiao to this belt around the heavens ; not, as 
some have imagined, because it was a zone, but from the 
Greek zoon, an animal, because so many animals were 
7ei>re8ented within its. limits. 



'85. The poiea of the edipiiol (Bo the poles of the ediptis and the polMf 
•f heavens coincide ?) 
.,86. What is the «m2mh;/ 
87. How is the zodiac divided ? Idea of the ancients f Origin of t)Mi 



VS' A9TB0N<Atr. 

88. The names, order, and symbolB of the tweJre Bigna 
of tiie zodiac are as ibllows : 



Ariee (or the Ham) T 

Taurus (the Ball) » 

Gemitii (the Twins) n 

Cancer (the Crab) S 

Leo (the Lion) £1 

Virgo (the Virgin) "H 



Libra (the Balance) ^ 

Scorpio {the Scorpion) . "l 
Sagittarius (the Archer) / 
Capricomua (the Goat) ''3 
Aquarius (th eWatenn an ) — 
Pisces (the Fishes) X 



Thtte nimH Mnf fnrm tlia TMta. IfaslT tlgBUlatlon (and ried In parenthfcei. uid abooU 
KdniM— as ArlM.Tiunu, Ocmlni. ^r-Bj oi-*ral'lTobHrviiiE thne Bjniboli, tlie atn- 
itni w<l) riaitwt ■ reMinbluKM betvien wient of uem uid tbe objtcu iber npcMtDL 
for iDUuiot, Um lign liiT Arta npreianU hli honu ; u also iiltb Tuonu, *& 

89. The ancients pretended to predict future events hy 
the signs, aspects, &c. This art, aa it was called, was 
denominated Astrology. Astrology was either naturt^ 
or jvdieiai. Xfahtral Astrology aimed at predicting re- 
markable occurrences in thsnatimil world, as earthquakee, 
volcanoes, tempests, and pestilential diseases. Judicial 
Astrology aimed at foretelling 
the tales of individuals orofein- 
piros. 

•Thit •dniiw.'' mn WabMer. "««• (Wmerly In 
■rB*tnqB«Hi.HiiMBlniuniiLljnppa«4tbRh«av«H 
Ijr LoiliBbiliAv«AnilLiuia0itoiiD«oTflrtJ>e pbnloal 
and BWiil mwtd; lol HI* nuw nnlvemil]; siplnM 
br Una siiMS* aiid phltouphj.* A friginnlorUil* 
nciiat iiKitmltloii, Uk* lli* i^kdDliiK Hgni*, nu 
Mill ba uat with «mBl<HuIlr In Iha pign dT u •]- 
■uDw; uul tiler* «r«ul11 mikhu tot* ttigad In *!• 
nhMt evCTj euiimniHt; wiw thlak cenalii "al^nt" 

frtm teitili imiIdiu of ttas hamu bodj, ud tkU 
la \try liii|ii>nuit lo da evar; Uiluc ~irh«D lb* 
Mni tartirtiL lRiniiatan.iLw,««it<ll WtlnrvlTM- 

■ - -' thl> mdulH ■' - 

u Omj vM It, 

— dadajr'tliu 

9D. The ord^ of the signs is irom weet to east aronnd 
I the heavens. Thus Aries, Taurus, Gemini, &c., aronnd 
Ito Pisces. 



attr-*o"u r 
autlior ft 
W. Tlwdndaraf thtTiigoir (DwaiM Uu caL WbttuidofTKilvn ' 



OELEBTIAL L&TTTLDE AMD LONQirUDE. 



' OafttMSntaiSl.-wtjmmtntaaBbUgiia'^twtoiaHrcapttii, The nbnT* It • h 
pnuli-tOarvitw. The ■on Is nsen in tht F»nur. uid tlia unfa reTolvlnKu»iiiul bin : 
■Ddtfltiia dMina leitiovn the circle of Uio lUnr buvrru. Ttala circle l« <IItMh( 
' — ' 'ni the twelvtilans; whfia Uie nf^ivf wlilrli the «*» 

a. Butthabud of Turiu iLosId [lolDt hm laUcwl 

'<( 

OELESnAL I^TTTUDB AND LOHOrmDE. 

91. Celestial Longitude ia distance east of a given 
point in the heavens, reckoned on the ediptic. Ban- 
ning at the Vernal Jiquinox, It is reckoned eastward to 
SGO°, or to the point whence we stated. 

Tha papU win eo«nlt tha precedtng cut In »hlcli IIia iungitqdii Is muted R>r awr 
tndecreM, By faulilin^Ihe buck up Intlie taulli oT jjlm. Iba aurface iif llie ixxe wul 
wprewnl ll>e plane of tlieecllpUo; and the rmkiinliie i# HI. *\ ft', Ac., fhiin iba lop el 
tha OQt eiotwttrd, wVi miawar Co thb mviner in wliicb aalaaUal luuifituda ia redubad 
natvinl vonnd Uia heaceni. 

92. Celestial Longitude ia eitlier JTdiocentrio or Geo- 
centric. The heliocentric lon^tnde of a planet is its 
longitude as viewed fruin the sun ; anil the geocentric, its 
longitnde as viewed from the earth. 

OtoomMc b from m, Ibe eaitli, lUid tfntnM, caolar ; nd ktHot.vMo from lului, 
the HtB, and tgntnut^ caetar, 

91, CeleatbJ lonifiludef Whare bepin to reckcnt L'l.iLtJiti by l>oolc 
Point ont order of retkouing in tlie lienveiia. 

. »i. Wbot it hdiatntiric loDgitudel OtaetiUriel (nwintus if Ici3ist 
DlutnU by dAi«nin.J 
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fn dito cot tbe planet B, when vleweil from the earth at A, aeema to be *n the 
o ; bat wlien viewed from the sun, it appears to be in n. A|cain : when at G, her 
apparent longitude from the earth is in ni : when from the sun. slie appears to be in # • 
The learner will not only perceive the difTerence between fft'oeeMtric and Mioeenirio 
longitnde, but will see why the Utter more than the former indicates tlie true position 
cf tbe planet. It ia an easy thing, however, if one is known, to deduce the other from iC 



MEAN AND TRUE PLACES 
OP A PLANET. 

93. Tlie mean place 
of a planet is the place 
it would have occupied 
had it revolved in a cir- 
cular orbit, and with 
uniform velocity. 

The trueplace is that 
which it really occupies, 
revolving as it does in 
an elliptical orbit, and 
with unequal velocity. 

1. In the cut, the dotted ellipse 
represents the orbit of tlie planet, 
and tlie points T T T, &c^*its trus 
piace» In tlie circle or hypothetical 
orbit, the fioints M M, &c, Indlcalt 
tbe mean place of the planet 



MKAN AHO TSUB PLACB OP ▲ PLAim. 
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98. What u meant by the ifMaiftj)2aM of a planet! Th»irutplae$f (WheA 



maxat asd BBtaoeRAOB wyaam. 



S6 




■lean and trQ« places coincide. 

H. lo one respect, the cut conT«jra an enoneeoa ImpieMlon, as It lepraaents the planet 
•8 passing over an equal dittance in Its orbit in equal tiniea. Thia la not tbe fiKst Tlie 
dilferenoe in Its velocity in different parts of its orbit could not well be represented bete ; 
but tbe stwlent will find it beautlfblfv illoatrated by the seoond ott on pege 47, and in 
tbe explanatory note acoompenying it 

di. CelesUal Latitude is distance north or 9(mtK of 
tbe edipUc^ and k^reckoned ^^t^e pole of Ae ecliptic, 

mm:'' }t^ 



DIRECT 



AND 



BETBOORADB 
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95. The apiparent motion of a planet Is said to be/ 
direct when it is eastward among the stars, and retroarads 
when it seems to go back or westward in tiie ecliptic. 
When it seems to move neither east nor west, it is said to 
he itatumary[. 

96. The cause of the appa- 
rent retrogression of the ifi- 
terior planets is tlie fact 
that they revolve much more 
rapidly than the earth, from 
which we view them; causing \ i t 
their direct motion to appear ' \ 4r \ 
to be retrograde. ^ -*?teo 




Soppoae tbe earth to be at A, and Venus at 
B, she would q>pear to be at G, among the 
stars. If tbe edrth remained at A while Ve- 
nus was peasing from B to O, ahe would 
seem to retrocrade from C to E ; but as the 
earth jMsses hvm A to F while Venus goes 
from B to Dt, Venus will appear to be at 6 ; 
and tbe amount of her am»arent westward 
motion will only be fmta C to G. 

97. The apparent retro- 
grade motions of the exterior 
planets is due to the rapidity 
with which the position from which we view them is 

Is th« Urae in advance of the mean f When the reverse f When do they 
eoind^ f Wherein ia the cat defective f Where have we a tme represeu 
tation f ) 

94. Celestial UUiUtde f How reckoned f 

95. When is a planet^s apparent motion dArtotf Betro^adef Whenia 
a planet said to be stationary f 

96. State the cause of the apparent retrogresaion of an inUrior planet. 
(lUustrate by diagram.) 

97. The cause of retrogression of txUrior planets. (lilostrate by diagram. 
What fiwt shown f) 
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clianged,as we are carried rapidly through space With the 
earth, in her annual journey around the sun. 

98. The portion of the ecliptic through which a planet 
seems to retrograde is called the Arc ^ Retrogradafcon. 
The more remote the planet the less the arc, and the 
longer the time of its retrogression. 

XXTBOOBAVB xonoN or TBS KcmiOB nuumt. 

A 



,- V 



p D 

1. BoppoM the Mirtli at A, and the planet Keptnne at B, he wonld then appear to 
be hi C, among the stars ; but as Neptune moves but a little from B toward T, while tb« 
earth is passiug from A to D, N^tnnu will appear to retrofn^e from C to E. What* 
over NeiHufie may have moved, howeveri from B toward F, will go to reduce the 
amount of apusrant retrogression. 

2. It la obvidMS Itom tliia figure, that the more distant an exterior planet is, and tha 
■lower it moves, the less will m its arc of retrt^rradation, and the longer will it be retro* 
grading. Neptune appears to retrograde 180 days, or nearly lialf the year. 

The following table exhibita the amoiMiU of arc and the Um^ of tha retrogradatlon ol 
fbe principal planets: 

Are. Dtjra 

Mercury 1 %\p 28 

Yenqe 16 42 

Mars 16 73 

Jupiter 10 121 

Saturn 6 189 

Uranus...-. ', 4 151 

Keptune 1 ^^^i 

99. The greatest elongation of an interior planet is the 
greatest apparent distance east or west of the sun at 
which it is ever found 

In the second cnt back, the point B would represent the ^rreatest eatt^m^ and P the 
greatest loevteniy elongation of the planet. At these two poluta she would appear to ba 
stationary. 

100. The greatest elongations of Venus vary frpm 45° 
to 48°. The fact that she never departs more than 48° 
from the sun proves that her orbit is within that of the 
earth ; and the variation in her elongations shows that 
her orbit is not an exact circle. 

98. What meant by the Arc of Metroffradationf 
. 99. Greatest elongation ? 
100. Greatest elongation of Venus f What does it prove t 



▼ZNus is vossaxo amd etzndio nAB. 57 

101. When TentiB is leett of tha Bun, and riwB boftre ■ 
him, she ie morning utar; and whtn eatit of th« isuMlts 
is evening ttar. 



L Let th(itnd(iitIioldtb* book ap»*Motblm.ud h«win it ddh «• vkf TsniB 
]■ titKrautHj mornliK ud «T«iliif nar. Let th« plui« A B fepment the uiulbl* iv 
Tliibla hariwn,CDth* ippuut dlllj hUi ottli* nm tfaiwuh Iba huruu, uid B 
tha nnh Id bet ippmol pwltton. Th< nui It •hown it lling dlDereal polnu— 
nvattr. rlilDK tn (h* ««(, o* Um narMlui, ud Mtttni In tb< wHt; wtaU* Vtnu l4 
Hcoi rsTolTlnK unnind him trtm wett to iiU, or In tb* dhvctloD of lb* irTDwi. Nov 
It taabrtaiKlbatirhn Tmu !• UF. orwaioT tha Mui, iha HtibelMa blm •• at Q, 
wd rim bdbta bin ■• M B. Bba miiM, tfatftl(ii«b b« nwraliip i(ar. On iba otbrr 
hand, irhaii tb» It xut of tb* ton. w at J, (ba nnian In (be vat alter lb* nui hat gao* 
dan itM K, aad li ooBiaf iwiitlj ntMng ilar. 

%. In tbit cat, Vanda would ba at ber RiuUat alonntlaB tattaard at J, and (hi(> 
mrdatF.aadlnbothiaatwaDUha ■'^MoMoMrv.'^ At L aad X aba woold ba In 
AHffixtcNait wttb tb* an 

& Warelheortblai- 
abaarrar, at repraaaa t ad at 
•n»iid lh« aniu 

4 Tbdu mnj •> 
DIek eonaidara tbi 

102. YenuB ia morning and evening star, alternately 
for abont 292 days, or from one conjnnction to another. 
Appetu'ing fii^t east and then west of the sim, she was 
regarded by the ancients as two different gtart, which they 
called PhoephoT and Heeperus. 

Than Teiiiit It near h«r pvatMt tlangatlon rrom tbt ton, ibaiisnaorihaTnrstbetn- 
Uhl Blan la dw havaat. ShaitTerT eaiit;ft.aDd, either Jut Iwhre tunrlw, or Jmt 

ttmof leirBliifthltlanoiLandIo watch her moveoiaDU fbr ■ Do monthhimlue U 
UicT da not eoneimoiid irid tha ducrlpUon han ElTaii. Tlie koswledn acquired will 
thn* b* tMM«Mt Inlba OMTUL 



101. When me n ti M and when nming 

lOS. How lone t* V«nui slt«ni&t«lf mo 

'fMiMbrltMiMlentol (Bmaark In iirta I) 



lOS. How lone t* V«nui slt«ni&t«lf moniiiig tnd bTcninc it 

8* 
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103. The greatest elongations of Merenry vary from 18 
to 29 degrees from the sun, which ppovea his orbit to be 

elliptical, ami to be within that of Vemis. 

I. Aft Aferrnrf fUp^depuUDiDT* tli»nB9°fr«nthfliDn, when It hlncrefttHt Alobgi^ 
tioru uifL Vunuj La iMV«r neanr thnn fdniut 4A^. when it hor HivM«Bt fllviiinUuii, U li 
■vldenl tliu lilii .irl.U l> Inside thu uf VxnuiL 

t. Wheniti'erilielluii.HorciuTlgonlySt.Sie.llOa mllKfrntii Ifaegon-annler; vhtl* . 

ttiim at Xi«m<^ vising rram tb°> elMptldty"or bis orbl'u of •"an thu 16,ieR,IMV milu, 

lUl. in cuiieequence of the iieartiesa of Hercarj to the 
Bun, he is very rarely seen ; and if seen Bt all, it mnst be 
in strong twiliglit, either morning or evening. He never 
appears conspicuons, even under the moet tuvorable cir- 
cumstances, but twinkles like a star of the third magni- 
tude, with a pale rosy light. 

n 1^,_.. ._ ... ._ ^. . _^.. ^._^ ^.. — ^^^^^ MoTcniyls st blscnatoit 



OEVUTION OF THE ORBITS Or THK PLASETS FBOM THE J^AHB 
OF TilK ECLIPTIO. 

105. Although the sun is the great center around 
'arhich all t)ie uaners revolve, it should be borne in mind 
that no two ',j them revolve in the sofne plane. Taking 
the plane of the eai-th's orbit or ecliptic as the standard, 
the orbits of the other planets all depart from that plane, 
some more and some leas. As a consequence, they all 
pass tlirougli or cut the plane of the ecliptic twice at 
every revolution. 



Id Uila cot. tha spue* tnctndol within the nblt of the euth b tintcil lo wprsw n t ■ 
plmu. WItliln her orbit, ud psrl ibove, ind put betow It. nuj be itm tbr orbit lA 

ins. OrentOKt einnntion of ifereurgT Provee vlintl (Shaw howdenaau- 
Btratod. U'list vuid of tlie ecoeiitricity of the orbit of Mercury !) 

104. U Mercury often neen I Wlieu, if at nil? AppeanuiMt (Haw 

105. AnaU tli* pUoMair orbili la tk* MB* pluHl Wbat.MwraaNM* 



DETIATION OF THE OBBITS OF THE PLAITETB. 
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r<MMMt. Hie arrow* showing h«r dlreetfon. Bor orbit fOM oak of riglit whoa Ik 
kho plane of the ecliptic J i 

106. The points whi^ a planet passes the plane of the 
ecliptic are called the Nodes of its orbit. They are in 
opposite sides of the ecliptic, and of course 180® apart 
The point where they pass south of the ecliptic is called 
tlie aescending node, and marked ^ ; and that through 
which they pass nai'th of the ecliptic is called the ascend' 
ing node, and marked A. The Line of the Nodes is a 
]ine drawn from one node to the other across the ecliptic. 

The nodea, aaeendlng and deacending; and their armbola, andalao the lino of the noda^ 
marked L N, are <U well repreeented in the preceding cat 

nOLINATKUl or THB OBBKIl OF TBI PLAmHS TO TBI PLAVa OP TBB WyUWUk 




107. The nodes of the planetary orbits are not all iu 
the same longitude, but are distributed all around the 
ecliptic. In astronomical works and calculations, the 
longitude of the ascending node only is noted, as the 
opposite node is always just 180° from it 

The longitade of the aaoending nodea ci the plaoeta, raqieotiyolj, li aa ibllowa : 



Mercury 44P 

Venoa 75 

Earth — 

Mara 48 

Flora 110 

Clio — 

Veeta 108 

Iria 86U 



Metia 


600 


Hebe 


188 


Parthenope .... 
Egeria 




Aatma 


141 


Irene 




Ennomia 

Jnno 


ii.'iim 



Cerea 810 

Pallaa ...178 

Hygeia — 

Japiter 98 

Batnm US 

UranuB 73 

Noptone... 180 



/ 



/ 



106. What are the Nodet of a planet^s orbit ? How situated with respect to / 
each other f What called respectively, and why % What meant by the liiM 
yf the nodes f 

107. Are the nodes of all the planetary or\AXB in the same lonflntnde ? How 
dbtrlbtttedf Whioh node nanally mentioned and looatedf Whynotbothf 
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108. The deviation of the planets, respectively, from 
the ecliptic varies from 1° 18" to 34J°, The orbits of the 
larger planets are all near the ecliptic, while some of the 
asteroids depart widely from it. On tl\is account they are 
sometimes called idtra-zodiaeal ^Isjiets. 

The preceding cnt may help the student to form an idea of the inclination of th« 
planetary orbits; bnt we must guard against the impression it may make that all the 
planetary nodes are in the sums pari of the ecliptic^ as we were obliged to represent io 
the cut Instead of this, they are distributed ^1 about the ecliptic. Again : the cut 
shows the several planets at about the same diatance ttoax the sun, contrary to the fact, 
as stated and illustrated on page 80. The dotted line represents the earth's orbit, of 
plane of the ecliptic, and the other lines the planes of the orbits of several of the plan* 
ets, and their departure f)rom the ecliptic The inclination of the several orbits 's, !■ 
round numbers, as follows: 



Mereiuy* 7° 

Venus 80 28' 

Earth — 

Mars , 10 51' 

Flora 50 58' 

Clio 70 08' 

Vesta loos' 

Iris 00 28' 



Metis ft0 84' 

Hebe 14047' 

Parthenope — 

Egeria — 

Astrwa 6© 19' 

Irene — 

Eunomia — 

Juno 180 8* 



Ceres 100$? 

Pallas 840 8r 

Hygeia — 

Jupiter lots' 

Saturn 2© 29* 

Uranus 10 4«' 

Neptune I0 4fi^ 



OF TRANSnS. 

109. The passage of a heavenly body across the me- 
ridian of any place, or across the disk of the sun, is 
called a transit A planet will seem to pass over the 
disk of the sun when it passes directly letween us and 
him ; and as none but tlie interior planets can ever get 
between us and the sun, it is obvious that no others can 
ever make a transit over his disk. 

The ter'A jranHt Is sometimes nsed with veferenoe to terrestrial objects, as wbep wt 
•peak of the irawdt or passage of goods throu|^ a country. The words tranaUion, 
tramsitii/oe, transitory^ Stio^ are derived Arom the primitive word transit 

110. Mercury and Venus are the only planets that cap 
appear to cross over the sun's disk, as viewed from oui 
globe. 

Were we stati^Hied upon one of the remote exterior planet^ we might see the earth, 
and Mars, and Jupiter transit the sun ; but as it is, we shall never witness such pbe> 
nomena, or, at least, till we leave the present world. 

111. Were the orbits of Mercury and Venus in the 
same plane with that of the earth, they would transit the 

108. To what extent do the planetary orbits depHft from the ecliptic f 
What Raid of the larger planets f Of the smaller i (Remarks upon tlie cut. 
State the inclination of Mercury, Venns, Mars, &c.) 

109. What is a transit f When do planets transit the sun ? What planets 
do this V Why not the exterior ? (Remarks upon term transit.) 

110. What planetft moke tiransits acroM the son'a diak? (Bamarkj* tH 
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snn at every synodic revolutioD ; but as one-half of eacb 
of theii orbits is ahom^ and the other half helow the 
ecliptic, they generally appear to pass either above oi 
below the sun. < 

D 

S 

Let th« light Him A, joining the etrth and the ran In the above dtagnm, repremnt 
the plane of the ecliptia Now when an Interior planet is in this plane, aa shown at A, 
It may appeai* to be apon the snn^s disk; bat if it is either above or below the ecliptic, 
as shown at B and C, it wlU appear to peas ettber above or below the aon, aa ahown at 
DandK 

112. A transit can never occur except when the inte- 
rior plauet is in or very near the ecliptic. The earth and 
the planet must be on the same side of the ecliptic ; the 

})lanet being at one of its nodes, and the earth on the 
ine ot 3ts nodes. 

nnLOaoPBT or TBAiitnik 
L 




rhis cut represents the ecliptic and zodiac, with the orbit of an interior planet, h3» 
nodes, dec. The line of his nodes is, as shown, in the 16° of 8 and the 160 of v\ 
Now if the earth la in s , on the line L N« as shown in the cut, when Mercury is at 
his amending node ( Q ), he will seem to pass upward over the sun's foce, like a dark 
Boot. a» n'prei^ented in tlie flgiuv. On the other hand, if Mercury is at his when 
tJie earth ia in the X9P of v\^ the former will seem to pasa dowmuKurd acroaa the disk ol 
the san. 

113. As the nodes of the planetary orbits are in oppo- 



111. Wh/not transits every revolution of Mercury and Vonua? (lllii»* 
trate by fliagram.) 

112. WLea muat transits occur, if at all t Where must the tarth unJ 
pUuMt be ? (lUaiiitrHte by diagram.) 
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site sides of the ecliptic, it follows that tJie earth must 
pass the line of the nodes of the interior planets, re- 
^pectively, in opposite months of the year. These 
niionths are called the node months of the planet, and are 
the months in which all its transits must occur. 

114. In making transits across the sun's disk, the 

Slanets seem to pass from east to west, and to ascend or 
escend, as respects the ecliptic, according as the planet 
is at the ascending or descending node. 

This Twifttioii In th« dineUoa of the pUaeta, daring dilbmt tnuuits, la well renre- 
•cnted io the next eat 

115. The node months of Mercury are May and No- 
vember. 

All the transits of Merenrj ever noticed liave oeenrred in one or the other of theM 
months, and for the reason already aralgned. The first ever observed took plao« 
November C, 1401 ; stnoe which time there h«ve been 29 others by the same planet— 
In all 80— « in May, and 39 in November. 

116. The last tran. 
sit of Mercury oc- 
curred November 
11, 1861; and the 
next will take place 
November 4, 1868. 
Besides this, there 
will befourmoredur- 
ing the present cen- 
turv — two in May, 
and two in Nov'r. 

The aeeompanying eat Is a de- 
lineation of all the transits of 
Mercury from 1803 to the close 
of the present centnry. The 
48rk line running; east and west 
•cross ttie san*s center represents 
the plane of the ecliptic, and the 
dotted lines tho apparent paths 

of Mercorv in the several tranaita. The planet is shown at Us nearest point to the san'a 
•enter. His path in the last transit and in the next will easily be foand. 

2. The last transit of Mercnry was observed in this coantry by Professor Mitehel, at 
the Cincinnati Observatory, and by many others both in America and in Earopo. 



nuoram or xnoumT. 
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118. What are the node mtmiifu t (Expliun by diagram.} 

114. In what direction do planets cross the sun in transits, and why f 

115. Whieh are the node months of Mercury f 

116. When did the last transit of Mercury occur f When will the next 
lake place I (What represented in the cut I iDesoribe. Where is the planet 
•hows ? What laid of libit transit of Mercuy f ) 
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Hm writer had made all Decenary f reparation for obnenin; the phenonenon at hit 
rebldence, near Oswego, New York ; ^nt, anfortnnateiy, bis aky was overhung with 
cUmdtf which hid the son from hii new, and dlsapiiointed all his hopes. 

117. The node months of Venus are December and 
June. The line of her nodes lies in Oeniini (EF) and 
Sagittarius (/); and as the eartli always passes those 
points in the months named, it follows that all transits of 
Venus must occur in those months for ages to come. 

This propoeltlon will be well understood by eonniltinff the eat on page 61 : for as the 
ineof Venns's nodes is only one sign aheiul of that i»f Mort'ury, the eartli will reach 
.hat point in the ecliptic in one nnintb after slie iiawes Uic line of Mercury's mMles; 80 
Jiat u his transits occur in May and Movembor, hers ahoukl occur iu June and lleoeui> 
jar, as is always the esse. 

118. The last transit of Venus occurred June 3, 1769 ; 
and the next will take place December 8, 1874. 

1. Only three transits of Venns have as yet been obwrved— namely, Dei'ember 4, 1039 ; 
June ft, I7t>l; and Juno 3, 17(10. It i» said tliat Kitt4'niiou>e wma wt inieresied in view- 
ing tliat of 1768, that be actually iainteil. In dellning th«i icriii ti-umtity Dr. Webster 
says: **1 witn«(«e<t the tntn^Uxtf Venus over the sun's oi li. June 'X, ITdO."* (8ee ** Tna* 
bridged** Dictlunary.) . The next four will occur l>eceuiU:r &, 1974; December 5, \t!KSii\ 
June 7, 4A04 ; and June &. 2 12. 

2L The first transit ever witnessed was that of December 4, 1699. The observer wsa 
a yoanff man named Hormx. living in an oliscure villsge near LiveriMiol, Enarland. The 
cable «ir K^ler, constructed np«»n tlieobMrvatitinHofTycho Umlie, indicatetl a transit of 
Venns in 1681, bat none was observed. Il«»mix, without much aMsistance from books 
and inscmmenta, set himself to inauire Into Die emir of tlie tables, and found that such 
a phenomenon might be expected to liapiien in 1689. He refieated bis calculations 
daring this interval with all the careAilness and enthusiasm of a scholar ambitioas of 
being the first to predict and observe a celestial plienomenon which, from the creation of 
the world, had never been witnessed. Confl«ient of tlie rssnit, he oommnnicMed hisez^ 
peeted trinmph to a confidential friend residing in Manchester, and desired him to watch 
for the event, and to take obeervationa. So anxious was Horrox not to fldl of witnessing 
It himseU; that he ooromenced his observations the day before it was expected, and re- 
sumed them at the rising of the son on the morrow. But the eery howr when his cal- 
ealations led him to expect the visible apiiearance of Venus on the san^ disk, teae al90 
the appointed hour lor the pufMo womAip of God on, the Sabbath, The delay of a few 
ninates might deprive him forever of an opportunltv of observing the transit If its 
very commencement were not notioe<l, clouds might intervene, and conceal it until the 
ian should set ; and netfiy a century and a lialf would eh^Me before another opportunity 
would occur. He had been watting for the event with the most ardent anticipation for 
eight years, and the reenlt promised much benefit to the science. JfotvfUhttandinff aU 
Cms, JlorrosB twice mupenaed hia obMrvaUons^ and twice repaired to the houee of God^ 
the great Author of the bright works he delighted to contemplate. When his duty was 
choB perfbrmed, and he had returned to his chamber the seeond time, his love <^ science 
was gratified with frill success, and he saw what no mortal eye had observed before. If 
any thing can add interest to thia incident, it is tlie ino«lesty with which the young 
astronomer iqiologizes to the world for ewtpemiing his oliservations at all. ** I observed 
It," says he, *'from sunrise till nine o^chnsk, again a little before ten, and lastly at noon, 
and from one to two o^clock ; the rest of the day being devoted to higher duties, which 
might not be neglected for tiiese pastimea^ 

£ The transit of 1769 was observed with intense Intersst by astronomers in both henil- 
tphena. To secure Uie advantages of observations at diflSsrent points, Capt Cook wsa 

117. Node months of Venns I Where line of nodes? Why June and 
December her node mouths ? ( Why onlv one mouth after those of Mercury ?) 

118. When last transit of Venus I Kexi ? (llow many have been ob- 
Mrved f What said of Bittenhous'- * \Vebater I When next four transits 
of Vrana f When first tntnsit noin^ « . What said of it t That of 17«» 
Co^k'^QM ijf •'bsenratioiis f) 
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l«nt to the PftciAo in the bark **EiHleaTor,^ where he perished sahfleqnentlj bj the 
bands of savages at one of the Sandwich islanda. Observations npon these iransita ftir^ 
nish data for important astronomical caicnlationa. 

119. In consequence of the earth's annual revolution 
around the sun, he appears to travel eastward^ through 
all the signs of the zodiac, every 365^ days. It is this 
eastward motion of the sun that causes the stars to n^e 
and set earlier and earlier every night. 

BUV^ APPABBIIT 4ii0TlON ABOVND TBI BCLIPTIO. 




iiet a person walk aronnd a tree, for instance, at • shert distance flrom it, and it win 
appear to sweep aronnd the horizon in an opposite direction. So as the earth rerolvea 
annnally about the snn, the snn appears to traverse the circle of the heavens ir the oppo* 
sire direction. Bnppofie the earth is at A on the 20th of March : the snn wil> appear to 
be at B in the opposite side of the ecliptic. As the earth moves on in her oil't tn^m A 
ttt C, tlie snn will app^r to move from B to D: and will seem thns to tiaver^e tlie 
wlioie circle of the heavens every 865 i days, or as often as the earth revolr** around 
him. Tlie time of thesnn's apnarrnt entrance into the different oonstellations w he jour- 
neys eastward, is nsnally laid down in almanacSk Thns: **9un enters r (Ai es) 2<>th of 
Marcli, Ac.;** at which time the tarth wonld enter the sign ^ (libra), and the-^wn 
would seem to enter the opposite sign Aries. 

m ' I ■ ■ — 

119. What said of sun's apparent motion ? Canse? Time of r jvolntion I 
Effect upon the stars ? (llIu»tratiou from tree ? By diagTHm.) Wb»t i« 
Kea&t by the ann's tntering Arios ? When I Where earth then I 
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CHAPTER II. 



PRIMABT PLANKTS CONTINUED. 



120. Besides the revolution around the sun, tlie planets 
all revolve rapidly about their respective axes, as they 
perform their celestial journeys. This is called their 
diurnal revoliUion, 

The «TldeDcoB of the Mrth's reTolatlon have already been eonsidwed on ftagee 18 and 
14. That moec of tlie uther planets revolve has heen ascertained by carefkilly observinf 
the motions of spots, as they seemed to psas periodically ov«r their disks. 

121. Tlie axis of the eaith is inclined to the plane o^ 
the ecliptic 23° 28'. It is eAways parallel to itself— that 
is, it always inclines the smne way^ a/nd to the sanie 
arru^unt. 



nrciiKATxoir or tbx xkKnC% axis to tbs plans or tbs nupna 

PLAXS OF ^0S^ TBX SOUPTIOi 



0- 








1. The IndinatloD of fhe earth*8 asda, and Its parallelism to Itseli; are exhibited in the 
above eat, as also in the cats, pages 60, 51, and 94, to which the student will^o well to 
torn. 

2. The aothoi is aware that the poles of the earth have a slow motion aioand the pole 
of the ecliptic, reqairing 25,000 veam for a single revolntion, bat prefers to consider thla 
point hereafter, in connection with the precession of the equinoxes. 

122. The axes of all the planets are inclined more or 
less to liie planes of their respective orbits. This incli- 
nation, so far as known, is as tbllows : 



Venus 
Mars . 



Y5° 
28° 42' 



Jupiter 
Saturn 



3^05' 
26° 50' 



120. What revelation have the planeta besides aronnd the snn f What 
called ? (What proof of the earth's revolution ? Of the otlier planets ?) 

121. What said of the axis of the earth ? Of the stability of its iiidina- 
tlon ? ^la there no variation ?) 

122. Are the axes of the other planets inclined ? To what extent, respeoV 
Woljf f (Substanoe of note 1 f Illustrate by dia^am. Note 2 S) 




The orW of Taiiuil*paH>fmrat)M»MpKiSl°, u ititednt 1M. who* bsr OBh U In 
cllwd to lbs plant of ha orbtt Ta°, u >tai>WD lo tlM ■bar* HfiinL Tbli dlitUutioi 
ihi)glc1 bf kept deOilulr liLiiLnwbj llwitadent 

% Urn kbcllruUDii of thfl ftxea fiT tba aavenJ pUntta, BAch to Uio plue of Lli own or 
Ut, It npnowil*] In tha talkiwlDf cot: 



Vmnm, Xntli. I 

WW 



123. The inclination of the earth's axis to the plane of 
the ecliptic cauBes the equinoctial to depart 23° 28' from 
the ecliptic. This angle made hy the equinoctial and tfaa 
esliptic is called the OUiquity of the ^^j>tic. 



I*™/ 



/mobs' ^^ 

A B 

Lk tbo lino A A ituiiwiu l tha axis of ths Hith. ud B B the polii or aiti of Iha ecnp- 
d& Voir IT tba line & A Incllna t»<nrd the plana i>r the ocirpllc. or. tn oilier oordi, 
tapanibiiiii thellnsBB totlie anKiai'l ornow, It U obiteu tbu the ptuie ol tba 



wc^xmocriAL ahd soLatmAL ponm. fft 



•qnttor, or «qiiltt«6tl«l, wfll d«|Mrt from the adtptto to the mum anoont Thii doptfi* 
m, shown by tho angle* CO; eonstitato tbo obUquU^ q^ths ^eUpMd. 

124. The permanent inclination of the earth's axis, and 
her revolution around the sun, cause first one pole to be 
enlightened and then the other, thus producing the sea- 
sons. The same inclination and revolution cause the sun 
to appear to oscillate in>m north to south, crossing the 
equator twice every year. This is called the stm^s deelir 
nation. (See page 26.) 

This ralfloet of tho MMona will bo laffleiontly ondintood by tmiilnliif tho eoti oa 
pages M and dS. 

125. The eqtiifioctial points in the earth's orbit are two 
points in opposite sides of the ecliptic, at which the sun 
IS exactly in the equinoctial; or, in other words, the 
plane of the equinoctial exactly cuts the sun's center* 
The first of these is passed on the 20th of March (the 
sun beginning then to decline northward), on account of 
which it is called the vernal equinox: and the other on 
the 23d of September, on account or which it is called 
the autum7ial eqmnox. (See the earth at A and B, in 
the cut, page 64.) 

If the SOD lb yerUcal at tho equator, ho win. of conrso, shine to both poloe^ Kpro- 
fonted In tho cat, and the days and nigrhts will bo equal all over tho wwld. Honoo tho 
name a^pUnocUal^ ttom tho Latin aquua^ oqaal, and noos, night 

126. The solstitial jpoitvts are those points in the earth's 
orbit where the sun ceases to decline from the eqninoc> 
tial, and begins again to return toward it. They are 
respectively 90^ from the equinoctial points. 

The Summer Solstice is n;ached on the 21st of June, 
when the sun has the greatest northern declination, and 
it is summer in the northern hemisphere. 

The Winter Solstice is reached on the 23d of Decem- 
l)er, when the sun has the greatest southern declination, 
and it is summer in the southern hemisphere, and winter 
m the northern. (See the earth at £ F, cut, page 64.) 

124. What other effects from the inclination of the earth^a ads t Snn^a 
declination ? 

125. What are the eqvinoetial points f How distinguished, and why! 
When patwed ? (SulMtance of note 

126. The $oUtUial points 1 How fkr frcm tlie equinoctial poiuts t How 
4i%tingaishod ! When pMaed t 
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127. The amount of the euii's declination north and 
Bouth of the equinoctial is 23° 28' ; answering to the in- 
clination of the earth's axis, by which it is caused, and 
marking the limits of the tropics upon the earth's surface. 

1. On the dlgt of J'^ne the sun reaches his greatest northern declination or Summer 
SoUHee^ and ii vwtioftl on the Tropic of Cancer. From this tim<' he approaches tkn 
equator of the heav^ens til) the 20tli of September, when he crosses it, and begins to de- 
cline eotdhward. \>i thf- 98d of December he has 
reached his greatest ^auiBi^m declination, or Winter 
SoUUee^ and begins to r«»tiiRl *javf^ the equinoctial, 
which he passes on the 20tb of lfaich,and reaches his 
Summer SolstiC4« again on vhf 81st of June. In tiiis 
manner he conti. ^lea to deolu % fl*«t north and then 
south of theequatM* from yeartA^isar. But it should 
not l^ie foi^tter thai, the sun does not really move, 
first north and tueii touth. bat that the apparent mo- 
tion is caused simpJv by the inclination of the earth^s 
ftkis «nd her reTolai^.on aroood the sun. 



■HAOOWB AT TBX »)UAT<»; 






23*28' 




8. The Slinks dv^Vlinadoii ms^ ^ easily measured 
by the shadow of ^ «uita}»l« OC)^- . upon the earth^s 
surface. Suppose tbi flag^tdflr ji the cut to stand 
perpondicnlarly, and «vaetK >c the equator. On ^-< 
the 28d of December the shaaow vould be tlirown C B A 

norfknoard to A, or 23^ 98 ^T^ttM ^s fkras the sun has 

declined south. At 12 o'clooir mid the 20th of March, and the 23d of September, ther* 
would be no dMdow; and on tbe ^Ist of June, it would extend tonthttard 23° 28* to 
C Thus, at the equator, the 8had*:ir ftUs first north and then south of all perpendicular 
objects^ for six months alternately. 

MXAsirsDre ths suv^ DiouNATioxr nr noxthssv ultxtuul 







3. This cut shows bow the student tnAj measure the sun^s declinati(» wherever ho 
may be located north of the equator. The shadows are such as are cast by objects 
during the year, about 450 north of the equator. On the 23(1 of December, when the 
sun has his greatest declitration, the shadow of the flag-etaff extends north at 12 
o'clock to the point C, where two boys are seen, having just driven down « stakei 
From this time to June 2l8t the shadow gradually 8?u>rtens^ till on that day it reaches 
the point B, where another stake is driven. It then begins to elongate; and in six 
months is extended to C again. The point A is Just half-wav fh>m B to C in angular 
measurement, though the distances on the plain in the picture are very different 
When the sun is on the equator, March 2l8t and September 28d,the shadow will reach 
only to A; and the angle A B and the top of the staff shows the northern^ and A C and 
the top of the staff the iouthem declination. It will be found to bo 280 28 each way, 
as marked in the figure. ■ 

127. To what extent does the Puii decline fW>m the equinoctial north nnd 
■oath f Why not more ? (Sabetance of note 1 ? Note 2, and explain ujr 
liiagiam. I^te 8, and diagram. What is « gnomttn t) 



BOTATIOD OF THE PLASEnS 1TP0K THEIB AXES. 69 

4. Tha ufl* torniMl hj the tnn iiihI hnUnm itt th* pnl« ukI tht poliit A wtn tnellf 
A. Lot Uw ttnil^nu try tills muifi ^ tliriiiPeliw. Kcli-ct > Itvd e|>ol, mil pnt up ■ 

Airyiiiiiwlve\ bi ilMerinliM UialMltllilr-if Ihr |>lim wlicrejiiu Ilv^ (net Is 
■his niurtnHK at m UfPRHln Ikair l«iui<l« bjr tin >lnllnuU>B nf tba Hn. 

<L Tlie umienti hvl ]>lllBTfl andeil hir itia |fur|iuiiaur nuking obawuloiit apon Ibair 
tbailuirji. amikt flOir it aiM t gHoauHt, 

KOTATiaX 07 TKK FLANETS UPOX THEIB AXES, 

12S. Tlie time, eo tar as known, ot* tlie reTohition of 
tlie pUiieta upon tlieir i-espective ax«8, or. in otiier words, 
the Jeugtli ot their iiatuntl days, is as luUuws : 



Mercury . .J^'/,2i 5 



Jnpiter . f . 9 56 
Saturn . /^., 10 29/ 
Uranus . .^•'4 9 3<* 
Neptune . /'tfnknowu 



Vcims . ^/i{> 23 21 
Eartli . . V^ 24 00 
Mare . . JJ-JL^^ 37 

rhssa etitlRIn an (Iran ni»n tlw antlinritj u[ SliJubnF. W. Uanohali tbaofh h 



129. Tlie revolution of tlio earth upon its axis is the 
cause of the agreeable vicissitudes of day and night 




now wlH-IiTMlapted to tha hipplnen nf TTIn rmtnrni an all tlMworlEearCliKlt Th* 



■ptariowNleht! w lien our (IrM m™ 
Thw. Ih«n repoNilltinr. whI Imuil t 
Did ha ii<it trembia li>r llilt kirelv IV& 
Thlsilurtniu ruiinjy nf Hiilit aqil l^nrl 
TaL Wth 1 ewUIn ■•# tnni>lu<«it Atw 
BMbad En tba nn of tlH imu MUln 
Ueapenuvlth tha host of lienran nu 



ISS. Jd vhnt tiia« do the oilier plunets totulo on tb^r rtapecUn umI 
lM.aMUli>f di^udiuglttt (SntMUfbeef aowt F«lieqiiot'li««& 
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Who eoald hare thoi^rbt saoh darkness lar eoBMsTd 

'Within thy besnui. Son ! or who could And, 
Whilst fly, and Icmf; and insect stood revealed. 

That tu sach cuiintles»orba tlioa mad'st as blind f 
Why do we. then, slmn death with anxious mrilbf 
If light can thus deceive os, may not life ? 

130. The earth and all the other '*"'»"^"p'^^^^" * 
planets revolve eastward upon their 
axeB, or in the same direction in which 
th^y revolve in their orbits. This 
also is determined (with the exception 
of the earth) by observinff the motion f/ 
of spots upon their surtaces, by the ^ v 
aid of telescopes. 

1. Tn the cnt we have an are of the Mrth*s orhit, and the 
earth revolving on her axis as »he revolves anmnU the sun. * 
The arratM show the direction in b«>tli cuseSb 

9. By holding the \Ht6k up soutti of liUii. and loolcing at- ' 
tenUvely at the cut. tlie student will understand why the 
sun "rises'" or first appears in the f<i*fL It is becautfie the 

earth revolves eastward. Thus the observer at A is carried round into the light, and 
sees the sun rise when he reaches B, 

TIME. 6^'^^ '" "'' ^^^ 

131. Time is duration measured either by natural or 
artificial means. Tiie principal natural indicators of the 
lapse of duration are the revolution of the e^irth u))on its 
axis, marking a natural day ; the change of the moon, 
denoting a lunar montli ; and the cycle of the seiisons, 
denoting a year. Time is measured artiJi4siaUy by clocks, 
watches, cnronometers, dials, &c. ; the standard being 
the solar day still, which is divided artificially into 24 
parts, called hours^ and these again into minutes and 
seea-nds. 

The aboriginal tribes of this eonntiy all icekoned time bj ''Mooni^** or moBths, ««« 
denoted by the tnoon> cbangeib 

132. The motion of the earth upon its axis is the most 
regular of which we have any knowledge. It does not 
vary one second in a thousand years. 

To this stability of the earth's motion npon her axis the prophet reflen wben be saya: 
• Thus Kalth the Lord, if ye can lueak nly covenant (^ the day. and my covenant of ttaa 

' ' ■ n ■ I I I' I I 

180. [n what direction do the planets rotate cm their axes ! How ascer- 
tained ? (Kxplain wliv the nun itp|>enrM to rise in vie ouMt.) 

181. What is tMmf W*hat iiaturul stnudards f Anifloialf (How meas. 
nroil by aboriirines 

182. Whataiud of MurUi^s motioL on axis t (What referenoo to in Sorip' 
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■ildit and thftt there should not he day and niirht In their seMOM, then maj alio mj 
e^feiiant he hroken with David,** Ac— Jeremiah xxxiiL ;eu. 

138. Time is of two kinds — Solar and Sidereal. A 
solar day is the time elapsing from the sun's crossing the 
meridian of any place, to his coming to the same me- 
ridian again. A sidsreal day is the time intervening 
between the transit of a star across the meridian, to its 
coming to the same meridian again. 

134. A solar day consists of 24 hours, at a mean rate, 
but a sidereal day is accomplished in 23 hours, 56 min- 
utes, and 4 seconds ; the solar day being nearly 4 minntes 
longer. This slight difference of about 4 minutes daily, 
between solar and sidereal time, amounts to ofie whole 
day in every 365^ days. Owing to the revolution of 
the earth around the. sun, and his apparent annual revo- 
luti<m eastward among the stars, it requires 366 revolu- 
tions of the earth, as measured by the fixed stars, to 
make 365^ days, as measured by the sun. 

135. The cause of this difference in the apparent revo- 
lutions of the sun and stars, and consequent diflbretice in 
the length of a natural day, as measured by the passas;e 
of a star or of the sun across the meridian, is this: Tiie 
earth is constantly advancing in her orbit while she re« 
volves on her axis, causing the sun to appear to move 
slowly eastward among the stars ; or, what is the same 
thing, the stars to appear to rise earlier and earlier every 
night, and one after another to overtake and pass by the 
sun. (See Article 119.) When, therefore, the meridian 
is brought around to that point in the heavens where 
the sun was 24 hours before, he is not there, but has 
moved a little ec^stward* But a star that^ 24 hours before, 
was exactly behind the center of the sun in the distant 
heavens, will be found west of the sun, and will conse- 
quently cross the meridian before the sun does. The 
time required for the meridian to revolve from the star 
to the sun constitutes the 3 minutes 56 seconds difference 
between solar and sidereal time. 

2f3. Kinds of time ? Define each. 

184. Length of tsolar dav ? Suieraal ? Differc.noe f Araonnt in year I 
J85. Suite the MiMi of tne diifitreiioe in the time of the a^pmeut revolutios 
of thetfimAiidftafik inOlratb by di«in"aiu. 
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SUN ON THE MEBIDIAN 
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1. To ih« man at A tb« san (8) Is flzactly on the meridian, or It is twelve o*c1oe]c, 
■oon. The earth Msses on from B to D, and at the same time revolves on her axis. 
When she roaches X), the man who has stood on the same meridian has made a complete 
revolntion, as determined by the star G (which was also on his meridian &^. twelve o'clock 
the day before) ; bnt the snn is now east of the meridian, and he must wait/o«r fiUMttat 
for the earth to roll a little farther eastward, and. bring the son again over his north and 
Bonth line. If the earth were not revolving around the sun, her solar atd sidereal daya 
would be the same ; bat as it is, she has to perform a little more than ooa oomplAte revo 
hition each solar day, to bring the stm on the meridian. 

II < 

EQUATION OF TIME. 




136. As the distant stars have no motion, I'eai Or ap^"'^ ^ / ' 
parent, atround the ecliptic, and the earth's motion upon 

it is uniform, it results tnat sidereal time is always exactly 
the same. 

A cloek that keeps sidereal time is called a HehreeU do^ Oiie of tfaaae tltf tromenti 
la almost indispensable in the observatory of the astronomer. 

137. Solar time is constantly varying. No two suc- 
cessive solar days are exactly of a length. The 24 hours 
given as the length of a solar day (134) is the an^erage 
of all the solar days throughout the year. Ilence it is 
called mean solar time. The time, as indicated by the 
transit of the sun across the meridian, from day to day, 
is called apparent tim^. 

138. A well-regulated clods: will keep m^an solar time j 
and will vary from the apparent time (as indicated by a 
noon mark, or dial) to the amount of 16\ minutes one 
way, and 14^ the other. The sun will at one time eross 
the meridian 16| minutes before it is noon by the clock — 
the apparent time being 16| minutes faster than mean or 
clock time ; while at another time it will be noon by the 
clock 14^ minutes before it is noon by the sun. 

ir,6. Ib Bidereal time always the same ! Why must it be ) (What is a 
wdereal clocls ?) 

'i87. What said of the variatious of Bolar time ? What is meantohr ftMtf f 
Apparent? ' 

18S. WhftttuMdiroetuiiitm docks keep! How much v|fiat30A|h>i9tf!iat 
tfowf • • -^ .-..,..- 
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139. The difference between apparent and mean solar 
time is called the Equation of Time, It is greatest about 
the 3d of November, when the clock is 16 minutes and 
17 seconds behind the sun. Four times a year — viz., 
April 15th, June 15th, September 1st, and December 23d 
— the clock and sun will agree; or, in other words, mean 
and apparent time will be alike. 

140. The inequality of the solar days depends upon 
two causes — the unequal velocity of the earth in ner 
orbit (77, 78), and the mclination of her axis to the piano 
of her orbit (123). 

141. If the earth's crbit were an exact -circle, she 
would move with the same ■Qtr^wLAm liit^ 
velocity in all parts of it; 
and if she revolved with 

regularity upon her axis, ^ ^^^ 

her solar days would be ,^ Jj| 

exactly of a length. 0l 

Lflt th« olrde In tb« a^t^^ntag eotrep- 
reMnt tbe earth*8 orbit, and tto projao- 
tions from the earth toward the aan a 
pillar or ffnomon standins apon a given 
meridian. Tbe cut will then ahow that 

with a clrcolar orbit, and anilurm motion ^^^ .• 

In it, and a regular rotation npon her ^T >A| 

I would bring the gnomon \ ^ ^^ 

'd the snn at regular inter- 
Talfl, both of distance in her orbit, and 
of time. In that case, all apparent aolar 
days would be equal — ,^ , .^ . ^ 

142. As the orbit of Hie earth is elnptical, it requires 
more time for the earth to pass from the vernal equinox, 
through the aphelion, to the autumnal equinox, than it 
does irom the autumnal equinox, through the perihelion, 
to the vernal equinox. The difference is about eight days 
— ^the sun bein^ north of the equinoctial about eight days 
longer than he is south of it. £[ence the summers of the 
northern hemisphere are longer than the winters. 

143. As the earth's orbit is an ellipse, and the earth 

11)9. What this difference called ? When neatest t When no differenco t 

140. What causes the inequality in the length of the solar days ? 

141. What necet$Bary in order that they may be equal ? (Illustrate by dia- 
gi-..„ ..„ ' oxplimfttiona.> 

443. What '^^^'^t imx the «Biptioi^ of the earth^s orbit apon tbft length t4 
tlio se&sOQdi north ftlKl 6oath of tbo eqaator I - > 



f o -^ 

ng apon a given Ak^ i 

then show that ^ "*A 

nnlfiimn motion \_ ^ ^^ 



aroand toward the san at reiyrular inter- ^g . /■ g| 
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mores faster in some parts of it than in others, while its 
rotary motion is uniform, it follows tliat its orbitual ve- 
locity in longitude must 
sometimes be faster, and 
at others slower than its m^^^iSk 

orbitual motion, thus cans- «'^ JI/* » •. 

ing an inequality in the gj^ p 

length of the solar days. ^ j^ 

From A to B in the jk^oiDing cati ^ ^ 

the orbituAl motion is slower than its ^* "^ 

mean rate, and Uie rotary motion gains ^^ ^ 

nfMn it Uenoe the gnomon is shown j^^ . . — ^ ^ — .~~.....>-^A 
revolving too fiwt, and as pointing east '^^^ %4I^ 

of the »un, when the earth has per- L ^ "-^ 

formed her Jonmey for a mean solar W^' . 

day. From B to A, the eartli's motion \ y/ 

in her orbit gains npon tier rotaiy mo- |^ jp 

tion, and the gnomon is behind, ortoeBt ^, y 

of the sun. At A and B the clock ***^' ^^^ ^''' 

and son would agree. From A to D ^--^ ^ .-•• 

the sun gains on the clock, till it geis •'^— ' 

14i minntes ahead From D to B this C 

difference is diminished, till at B the 

sun and clock agree. From B to C the elock gains 9a the son, tlTI the difTerence is 104 
minntes; and from C to A this difference diminisbesi till at A mean and apparent tim« 
agraeagain. 

144. The earth's perihelion is in n, and her aphelion 
in t ; the first of which she passes on the first of Janu- 
ary, and the latter on the Sd of July. We are conse- 

uently about three millions of miles nearer the sun 

an. 1, than July 3d. 

The natand elfeet of this Tarlation would be, so ftr as it had any influence, to modify 
the cold and heat in the Northern Hemisphere, and to augment both in the Southern. 
For instance, our nearness to the sun in January would slightly soften our winter, while, 
at ttie same time, it slightly increased the heat of the summer south of the equator. 
Bo, also, our increased distance in Julv would diminish the beat ot our summer, and at 
the same time enhance the cold of the corresponding winter in the Southern Ileiiii<* 
8i>heie. But the variation of 8,000,000 miles is so slight, when compared ¥ritli the whole 
ustance of the son, tliat Um ohanga of temperature produced thereby ii^mperc^tibl^ 
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THE CALENDAR, LEAP TEAS, OLD AND NEW ^ITilMyf^^t^^ 9'MIjl^ 

145. Tlie Julian calendar divided the year into i2 
months, containing in all 365 days. But a full astro- j 

nomical year, or Sie time requisite for the earth to re- ' 

volve from one equinox around to the same equinos 
again, consists of 365d. 5h. 48m. 51s. Hence the Julian 

148. Explain the cause of this ineqnalitr ? ^Illustrate by dlamm.) 

144. Where are the perihelion *>- ' spuelion points, and when passed t 

When nearest, and how mucu r (What effect?) 
146. DMcribe .the Julian oalonoar? Aa aatranoroioal year! What dif 

|n«Qoet Whatefleoi? How oorxectcid f 



XaS CALENDAI^ LXAJP TSAB, STa H 



year was nearly 6 hours, or one day in every fonr years, 
too short; which, if left uncorrected, would in time com- 
pletely reverse the seasons, giving harvests in January, 
and suow in July. To prevent this constant tailing be- 
hind, a correction was applied, by adding one day to 
Februanr every fourth year. Hence it is calleil JSisseX' 
idle or J^o^ Year. 

146. But one whole day added for every four years 
was 44m. 36s. too much. From a. d. 325 to 1582 this 
excess amounted to about 10 days ; so that the civil year 
was thus much ahead of the astronomical. In 1582, 
Pope GregoiT XIII. applied a further correction, or re- 
formed the Julian calendar. To make the civil and as- 
tronomical years agree, so that the vernal equinox would 
happen on the 2l8t of March, as it did 1257 yeai-s before, 
Gregory resolved to strike out of the civil year the 10 
days it had gained, and ordered that the 5th of October 
should be called the 15th. This reformed or corrected 
calendar is called the Oregorian calendar. 

147. To prevent the civil year from running ahead of 
the astronomical again, in the lapse of centuries, by the 
11m. 12s. which it exceeded the astronomical, it was pre- 
scribed that at certain convenient periods the intercalary 
day of the Julian period should be omitted. Thus the 
centennial years 1700, 1800, 1900, are, according to the 
Julian calendar, bissextiles ; but on these it was ordered 
that the intercalary day should not be inserted; inserted 
again in 2000, but not inserted in 2100, 2200, 2300 ; and 
so on for succeeding centuries. 

148. The Gregorian or reformed calendar was adopted 
as soon as promulgated, in all Catholic countries ; but in 
England, the ^^ change of style," as it was called, did not 
take place till September, 1752. Eleven nominal days 
were then struck out, and the 3d of September was called 
the 14th. At the same time, the time of the beginning 

146. Was the calendar then correct? Why not? What result? Who 
corrected ? When ? How? What thitt reformed calendar called ? 

147. What further correction necessary ? How effected? 

148. Was the Gregorian calendar at once adopted? When in Enprlandt 
Eow then adopted 2 What other change atthe satne ^m• ? Whali eJiect in 
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of tlie civil yiar was changed from the 25th of March to 
January Ifit. as it now Btands. The year 1752, which 
was to iirtve begun on the 25tfa of March, was made to 
begin 01 the lat of January preceding ; bo that for dates 
falling between the lat of January andtiie 25th of March, 
the iiuijiber of the year is one greater by the Nevs than 
by the Old Style. And as the intercalary day was omit 
ted in 1800, there is now, for all datee, 12 days difference 
between the old and new styles. Busaia is now the only 
Chriatian country in-which Uie Oregorian calendar is not 

"^ ft, l ^^K-tn'-cla^ 

TDlEf'AB AfTECTED BT UniOITUDE. 

119. As the Bun's crossing themeridian of any place 
detennines it to be 12 o'clock, apparent solar tune, at 
that place, it is evident 
that 12 o'clock comes 
eooner to places east on 
the earth's surface, and 
later to places west, 

1. Lfl the «iDoln1ng cat renrwont Ui» - S 

unh, Ihc iiTuwi mnicattng tbedlne- 2 - 

Hon of hfT re...liilloiL luid tEesunbolnj g * 

■m lbs niurlEltiti u Xll. U th« Uip. H | 5 

will then be liny over all the l[cbt par* o ■ 

tlon »t Ili« El..b4 ui.l Dlghlorer ajrUi* 
thodeil [Hirtlan. On Lbe meridiAH 
eiutli unilut ilic aDn [I !■ JnU 21L 
D'cliKfe n.Kin : nhlle u the niendmn on 
the oppiHlt4 etile uf LIla earth LL Id Just 
iaD-|iluol:B(nli[bt.ar[ntdiili!lit. wlien 

It Vl a\-i<Hik rDorDlDjr; "wd ^eoUy 
oppoBiu (HI Iha left, k VL o'clock evan- 
ing. ■ 

1 Obserre IhU whan It It XIL at A, 
It it 1. oi:l«ck at B. II. o-clock Bt C. At, 

nhi1eltl3c.nl; XI. o'clock at D, X o'clock it B, IX o'daek at T.Aa.; thw ibowliv 
ban It [I ibu tluu It orller tut, ud later weM of mj flna nundlaa. 

15U. Every 15° of longitude upon the earth's sarface 
makes an hour's difference in the time. If east of tlie 

t riven meridian, it will be an honr earlier; if toest, a>i 
lonr later. 

rockonmjt j-SMv 'f timet WhUthe diffarenOB now betveaa Old uid An* 
•tylo, ami "''y ' *''»' ™lendar used in Rii8«ia T 

I4S. l\1iU effect liu the longitude of ■ plow upon its time I (Diagram, 
ud eiplHiii 1) 

ISO. WliBtdlllbrenoe of lo^tade in required Co make an hour's (Ufferenc« 
;» tkMl V\Mx tUfUtrf WLia ta^trf (How dratonetnUidl When • 



TIME, AS AFFECTED BY LONGITITDI. 77 

1. If the nmpaases throagb 86(P every 24 honn, he mast peas over Ifio eexh hAnr, 
IB fiidft -f- 24 = liP. Hence every 150 mnst make an hour's dlfTerence in the time ; and 
wh«n it is sunrise, or 6 o'clock, sular time, in New York city, It will be noun, or tS 
o'clock, 90O east of New York, and midnight 9(P west of It 

2. Taking the circumference of the earth at 3S,U00 miles, the sun patwies over 1041 § 
miles every hoar at the eqoator; for 2S.U00 miles -«- 24 equals 1041$ mile;*. And it 
IM13 miles be divided by 60, the number of minutes in an hour, it gives alMiut ITjl miles 
as tiie space over which the sun travels at the equator every minute. Every I7| miles, 
therefore, east or west, will make one minute's difference in the time. As we recede 
from the equator north or south, the meridians approach each other, and a degree o' 
longitude becomes less and less to the poleSb 

S. A person leaving Boston with the exact time will find, on reaching Albany, about fP 
west of Boston, that nis watch is some 12 minutes ahead of the Allumy time; and on 
rcaciiinff Buffalo, about 50 farther west, tliat it is some 82 minutes ahead of the true time 
at Tuffalo. 80 in traveling from Buffalo to Boston, the Albany and Boston time will be 
fou*fd to be the same extent ahs€id of the Buffalo time. Hence conductors on railroadij 
running their trains by time, set their watches from Albany to Buffiftlo by some standard 
agreed upon— aa, for instance, Syracuse time-'^aad r«|)ect all other local time, bo it fratet- 
or 'lower. 

15L As every 16° upon the earth's surface makes an 
hoar's difference in the time, it is easy to convert degrees 
into time, or time into degrees. B}' this means, a mari* 
iier having the time at the place whence he sailed, and 
the time where he is, from observing when the sun 
crosses the meridian, can ascertain, from the differe'nce 
between his standard and local time, his distance east or 
yest of the port whence he sailed, or, in other woi*ds, his 
longitude. 

1 Time is converted Into degrees by multiplying the hoars bv 15 ibr the degrees, and 
adding one-fourth of the minutes to the product; for every minute of time makes 4^^ 
and every second of time y in longitude. 

2. On the other hand, degrees of longitude are converted into time by dirMinff them 
by 15 for the hours, and multiplying tlie remainder, if any, by 4 for the minutes, ifcc 

152. The i-utation of the planets upon their resjujctive 
axes has caused them to swell out at their equatora, and 
contract at their poles — thus assuming the form of oblate 
spheroids (page 18). 

1. When fluids are 1^ free to yield to the influence <^ attraction, as mntually existinc 
between their particles, they invariably assume a spheriail farm. Hence water, in fall" 
ing>om the clouds, takes the form of spherical urope; ana melted l«aiLtlm>wn from 
the top of a shot-tower, takes a spherical form, and cooling in the air on iu iiasaago 
down, remains iierfect little globes, called fiuA. 

2. A mlid sphere would never become oblate by revolution. It miirlit bnrst. from 
Its powerful «;entrifbgal tendency, as grindsttnies sometimes do in manufttctorice of cut- 
lery; but it must \MjMd^ oral least soft and yielding, in order to booome ubhOe by 
revolution. 

o^clock in New York, what time 90° east ? — 90° west? How many mileA does 
the sun pass over in an hour at the equator? Per minute ^ How deter- 
mined ? How north and south of eqiiator \ At 4oth degree ? What ditfer- 
«nce from Boston to Albany and Buffalo ? Fr<Mn BuflEalo tu Boston I ileuce 
what practice ?) 

151. Can time be converted into degrees, and degrees into time ? How 
tueful in navigation I (How convert time into degrees? Degrees into 
time?) 

152. Effect of rotation upon figure of planets ? (Note 1 ? 2. Solids 1 
ft. What does obiateness indicate ? i. Proof fh>m Scriptures I Bomark ?) 
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8. The ob1ateneN> of the plftnets, then, seems to Indicate two thlnjrs : Flrnt, that tYief 
were all once in a fluid or plastic state: and, secondly, that they be^n to revolve while 
in that state, or before any part of them had become solid, like our continents and 
islands. 

4. So far as the earth is concerned, we are tanght in the Holy Scrintnres — ^the best 
and most accurate of all books — ^tliat the earth and water of oiir (rlobe were once oo 
mixed, that ttie whole appeared as a ^' void"* of '* waters ;'^ and that they were afterward 
separated intit ** earth** and '^seas** by the Almighty Creator. (See Genesis i.. 2. 9, 10.) 
Tuns we see that true science and the Bible are always in luunnony with each otiier. 

153. Tlie difference between the polar and equatorial 
diameters of the planets, so far as known, is as follows : 
the Earth, 26 miles; Mars, 25; Jupiter, 6,000; and 
Satura, 7,500. 

The ohiateness of Jnplter and Satarn Is as plainlv visible through a telescopti M tb% 
diflTerence in the following figurea is to the eye of the student. 
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The plain line in the middle flgnre shows the original form, and the dotted line It* 
present fiirm. Tlie difference is the change pnnlnced by its rotation. Wlien measured 
by the pro|»er instruments, it is fonnd, in tlie cane of Jupiter, to amoimt to al>out f'j 
•f his average diameter; and that being 89,000 miles, -^g ia but little leas tlian 6i,000. 

15^. As Mercnry and Venus rotate in about the same 
time of our globe, and their sidereal years are only 88 
and 225 days respectively (72), it follows that Mercury 
has but 88 natural days to his year, and Venus only 
about 225 to here. But the natural day of Jupiter being 
only 10 houi*8 long, and his year equal to alxmt 12 of 
oure (11 yeare 317 days), he must have 10,397 natural 
days in one of his years. So Saturn's year, consisting of 
29 years 175 days of our time, will allow him to rotate 
on his axis about 25,000 times ; or, in other words, will 
allow of 25,000 natural davs in each of his years. The 
year of Uranus being equal to 84 years and 27 days of 



158. StatQ tlie difference of equntorial and polar diameters of planets f 
(Kemurk res^pectiug Jupiter and baturn ?) 

154. How many natural days has Mercury in his year? Venoaf Jupiter t 
How to many f 'Saturn ? Uranui f (Demonstrate.) 



rata, is abwoteu bt lonoitvdi. 
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our time (71), and his diurnal revolution 9^ hours (128), 
it f(»11owA tliat lie has 92,683 natural days in his year. 

f» yean 175 dayasinjCOdayBoT oar tiine; XS4s=S56i,M0 hoan-hlOi hoiin.tlM 
dme of datnrnli revolathNi, = HJSH \^ the namber of days in his ymr. So 64 yean, 
tl days, the periodic time of UrMiii8=M,<i67 dava, or 88U,486 boori; which -f-Si boui^ 
the tinieof the planet^s dlaroal revolutioii = 92,068, Um uwnbar of natural daya in bto 
year. 

155. As goin^ from the earth's center is to ascend 
(page 27), and the equator of an oblate spheroid is iur- 
ther from tlie center than the poles, it follows, that the 
earth being an oblate spheroid, we must ascend some- 
what in going from either pole to the equator. A river, 
therefore, miming for a great distance toward the equator, 
would actually ascend; or, in other words, run up hill 
— the centrifugal fierce generated by the earth's motion 
drivino: the water on toward the equator. 

The Iflsfllasiiipi i« aald to be higher ^ ita nionth tlwn it is aome tbonaanda of ntlai 
north of it. If its be<l conforiiis at all to tlie fwneral ttgure of the earth, this mnst oar 
talnly be the case, aa may be deinonstrkte«1 by tlie aid 
ef tM annexed diaicrani. Let A B represent the polar, 
and C D the equatorial diainetera. The entire difTer- 
enoe between tliein is S6 miles, or V^ miles on each 
ride. The two circles reftresent this dlflferenee. Now 
a5 the eartirs circunifcrence is 85.000 miles, ttie dis- 
tance friMn tlie poles to the eonator (being one- 
iiinrth 4if that distance) mu^ be 0.250 miles; and in 
that 61,SS0 miles the ascent Is 18 miles, or over two 
miles to every MHM) toward tlie equatttr. Tlie Mis- 
•Issinpi nine from tlie 5Utli to the Sotli degree of 
north latitQfle inclnsive, or 21 degrees; which, at 
^\ miles to a degree, wonid amoant to about 1,500 
mllesw It then, it rans a distance equivalent to l.,500 
milea direcdy soatli (in a winding eonne of abonC 
8,000), tlieory requires tliat it should be about three 
mllee higher at Its month than It Is 1.500 miles directly 
north Tliere Is sctnie phllosnfihy, therefore, in saying 
that If a river runa fiir a great diatanoe from eitlier pole toward the eqoator, it moat ma 
6p bllL 

156. Should the earth cease to rotate upon its axis, the 
waters about the equator would at once rush toward the 
poles, flooding them to the depth of 6^ miles, and reced- 
ing from the equator to the same amount So far as the 
soRd portions of the earth would permit, it would at once 
become a peri'ect sphere, (See page 17, and also Art 153 
and note.) 

157. It has already been stated (77), that the orbits of 
all the planets were ellipses ; but they are not all alike 
eccentric. The orbit of Mercury is quite ellipticaK while 

155. What carious ftct follows from the earth^s oblateneaa ? (What in 
tUnee ffiyen ? liluatrate by diag^ram.) 

156. What would be the effect shoiud the earth oease to rotate t 
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that of Venus is nearly a circle. The student should 
observe that the eccentricity is not the deviation from a 
circle, but the distance from the center of an ellipse to 
either focus (see page 23 and cuts). 

Thi» eccentrioity of the orbits of the princijud planets is is follows: 



Mi'es. 

MerrnTy 7,0W>.000 

\vma , 492,000 

Kifth 1,618,000' 

Mare 18ta0«),OU0 

Vesta 21,000,000 

AstnM — - 

Juno 64,000,000 



Ceree 21,000,00ti 

Pallaa 64,250,000 

Jupiter 24,000,000 

Saturn 49,000,000 

Uranus 85,000,000 

Neptune 



:bs: y 



VBacnsioiT op thc SQimvox] 



PRECESSION OF THE EQUINOXl 

158. The equinoctial points have ali'eadybeen defined 
(125^ as two points in the earth's orbit whei'e the equi- 
noctial or celestial equator (20) cuts the sun's center. 
They are in opposite sides of the ecliptic, or 180° apail; 
(see 119 and cut). The vernal equinox is the point from 
which both celestial longitude and right ascension are reck- 
oned (20 and 91) ; but not being marked by any fixed ob- 
ject in the heavens, it is reached just when the sun comes 
to be exactly over tlie earth's equator, or in the equinoctial 

159. But it is 
found by long and 
careful observation 
that the eai'th reaches 
the equinoctial point 
about 22 minutes 
and 23 seconds ear- 
lier every year than 
on the year preced- 
ing. This is equal to 
an arc of 50i" in the 
oclij)tic. In this 
manner the equinoc- 
tial points are slowly 
receding westward, 

157. What said of the orbita of Mercury and Venns ? Of eccentricity ? 

158. Are the equinoctial points marked oy any fixed object in tlie beavenn 
llow know when reached ? 

159. Are they stationary or not t Beached how much earlier annualiv 
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or fallhig back upon the ecliptic, at the rate of 60 J" a 
yeai', or 1° every Tlf years. This would amount to 30°, 
or one whole sign in 2,140 years, and to the entire circle 
of the ecliptic in 25,868 years. 

This veiy interesting phenomenon may be explained by the precedlntf diagram. Let 
the point A represent the vernHl equinox, reached, for instance, at 12 o'clock on the SOth 
of March. 'Tlie next year ttie sun will be in the equinoctial 22 minutes 28 seconds ear- 
lier, at wliich time tlie eartli will be fiO.i" on the ecliptic, back of the pidnt where tht 
sun WAS in the equinoctial tlie venr before. The n«>xt year the same will occur again: 
and thus the equinoctial point will recede westward little by little, as shown by the small 
lines from A to B, and from C to I). It is in reference to the stars goins forward, or 
Miming to precede tlie equinoxes, that the [ihenomenon was called the Precession ef 
the Equinoxes. But in reference to the motion of the equinoxeB tbemselves, it is nther 
a rec^sion. 

160. Tlie catise of this wonderful motion was unknown, 
until Newton proved that it was a necessary consequence 
of the rotation of the earth, combined with its elliptical 
figure, and the unequal attraction of the sui^ and moon 
on its polar and equatorial regions. There being more 
matter about the earth's equator than at the poles, the 
former is more strongly attracted than the latter,, which 
causes a slight gyratory or wabbling motion of the poles 
of the earth around those of the ecliptic, like the pin of 
a top about its center of motion, when it spins a little 
obliquely to the base. 

161. One marked effect of this recession of the equi 
noxes is an increase of longitude in all the heavenly 
bodies. As the vernal equinox is the zero or starting 
point, if that recedes westward, it increases the distance 
between it and all bodies east of it ; or, in other words, 
increases their longitude to the amount of its recession. 
Hence catalogues of stars, and maps, showing their lon- 
gitude, need to be corrected at least every 50 years, 
otherwise their longitude, as laid down, will be too little 
to indicate their true position. Allowing the world to 
have stood at tliis date (1867) 5,871 years, the equinoxes 
have receded already through about 75° of longitude. 
At the same time the constdlations have gone forward 

Rovr mnch in angular meaenrenient ? Bevolviny which way? At what 
rate? How long ^or lo? For 80^ 2 For the whole circle of the ecliptic) 
(Illustrate by diagram.) 

160. Qtuse of recession ? Who diftcovered ? 

161. £lSe9t of recessioA upon longitude} Expliun how effected. Sirti 
and ooiuteilatioiiftf 

4* 
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ea^twflrrl, and left the eigna which bear their names. 
Hence the dgn Aries actually covers the conateUation 
r.scea. 

103. Another effect of the recession of the eqninoses 
ie, tliat it giies ti.i tlie [lole uf the earth a coiTeupoiiding 
revdhitioii amimd the 
|Ktle uf tlie ecliptic in » 

25,8tJ8 yeaj-a. 

L«l tlie Itiii A A in the Sfan 

B&^f Hea l>r"ttie ulijiUoiCCl 
th* |wlri <if tlw nrth ; mid D I^ 
Ui( cuulii'Ktlal. EliliUKobllquItT 
of Uw n-Hticlo. Tlie Nu C M th* 
top Te|4wuu th« |K)le Mar, uid Ibe 
carve ILneiiiHliwto tht rtBlitlWHii 
n iiiif ninHnt U.s circular mUt 
or the iiunh |u>tB or ihe UeaviMA 
(nxind (fa* BURb pule uf the ediptli. 

163. This gjratorj 
motion of the north 
pole of the heavens, 
white it keeps at the" 
distance of 23° 38' from 

the pole of the ecliptic, will cause it to change its place 
in the heavens to the amount of 46° 56' in 12,931 years ; 
thus alternately approaching toward and receding from 
the stars, at every revolution of the eqninoxes around the 
ecliptic. Tlius the place of the pole is in constant but 
very slow motion araund the pole of the ecliptic. 

164. Thi! NutaMon of the earth's axis is another small 
and slow gyratory motion, by which, if snbaiBting alone, 
the pole would describe among the stars, in the period of 
about 19 yeare, a minute ellipse, having its lunger axis 
eqnal to 18", and its shorter about 14" ; the longer axis 
pointing toward the pule of the ecliptic. It is un account 
of these varied motions shifting the point Jrom which 
longitude and right ascension are reckoned, and also the 
pole of the heavens, that it becomes necessary, in de~ 

1S2. Whiit o'Wrfltrect of recession 1 {Illnsi 
1B3. Wliut eireel iipDutlie i4>)>iirent distonoe ai me acuni 
pole of Ihehenxens! 
!S4. WhM b yntatioat WlM meant b; ^foA, ana n 
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BCfibing the place of a star or planet, by any of these 
standards, to state the epoch or time, and also whether it 
be inea)i right ascension — i. e.^ ri^ht ascension after hav- 
ing been corrected for the recession of the equinox, the 
Ziji'o i>oint. 

165. The Colures are two great circles crossing at the 
poles of the eclijjtic at right angles. One passes through 
the' equinoxes, and is thence called the Equinoctial 
Colure ; the other passes through the solstices, and is 
called the SoUtitial Colure, They are to the heavens 
what tour meridians, each 90^ apart, would be to the 
earth. A- * T 

\^^\j/ CpAPTER 111. 

' r C J-Ot^ \ ji.TBLKS00P.10 TIKW8 OF TH« PLAXSTS. 

/^ 166. By the aid of telescopes, we discover mvriads of 
objects in the heavens that are entirelv invisible to the 
naked eye ; while objects naturally visible are immensely 
magnified, and seem to be brought much nearer the ob- 
server. 

This impression of nesrness is sn Intellectasl oonelnsion drawn from fho flMt of tho 
bieressed distinctness of the object; as we Judge of Uie distsnoe of otijects, in s (resk 
messore, by their dinmese or distinctnesa. 

KEBCUBY. 

167. Under favorable circumstances. Mercury is visible 
to the naked eye, but yet is seldom seen, owing to his 
nearness to the sun. During a few days in March and 
April, and August and September, he may be seen for 
several minutes in the morning or evening twilight, wheu 

165. Wbat are the coluret f Desoribe. 

166. Effect of the teliMoope apon vision f Upon distant objects t (Why 
appear nearer ?) 

167. Can Mercnnr be seen by the naked eye f Is he often seen t Why 
Atftf "V^ hen may ue be Men? How appear! 
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his greatest elongations (99) liappen in those months 
Ho appears like a star of the third magnitude, with a 
pale rosy light See 104 and note. 

168. Through a telescope, Mercury exhibits different 
phases in different parts of his orbit, similar to those pre- 
sented by the moon in her revolution around tiie earth. 
Tho German astronomer, Schroeter, discovered numerous 
mountains- upon the surface of Mercury, one of which lie 
estinjated to be nearly 11 miles in hight. By observing 
these at different times, he determined the diurnal revo- 
lution of the planet to be 24rh. 5in. 28s. But these observa- 
tions have not been confirmed by any other astronomer. 
The apparent angular diameter of Mercury varies from 
5" to 12", according to his position with respect to the 
eaith (56 and 80). So far as is known,lie is not attended 
by any satellite. 

VEKU8. 

169. When favorably situated, Venus is one of the 
must conspicuous members of the planetary system, and 
is a most brilliant object even to the naked eye. Her 
color is of a silvery white, and, when at a distance from 
the sun, either east or west, she is exceedingly bright and 
beautiful. When nearest the earth, her apparent di- 
ameter is 61", which is greater than that of any other 
planet, owing to her being so much nearer than Jupiter 
or Satuni. 

Under a telescope, Venus exhibits all the jAases of 
the moon, as she revolves around the sun. The cause of 
this phenomenon is, that we see more of her enlightened 
side at one time than at another ; and the same is true 
of Mercury. 

1. The tolewopfc appen? mm of Vcnu^. at different point* In her orbit Is represented 
in the following ligur«). At K and W she has her greateiit eastern and western elongft- 

168. Uow appe»nr through telescope? What said of Schroeter? What 
ODncIusiou from observing the spoti* ? Confirmed by others, or not i An- 
gular diameter of Mercury ? Wny vary ? lias ho a'satellite ? 

169. What 8aid of Venus ? Ifer apparent diameter? Why ^rreatcr than 
that of Jupiter ? How appear tlirough telescope ? Cuu4te of Tier phasea f 
XDeBcr'^be phases when Mitt of the tun — west. What prediction beiur* 
the discovery of the telescopel) 
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tlon, uid M tMioniTji w)i[l« b<r poMUont oppofili tha vcrdi - dlivct' Uid 'ntn- 
cnda' »p»Miil lict >l hrr c<iiiJnD<'tiiinii. Tlit ipoU an Ihe fure of tlir aun reimauil 
VBaiu pntlactui] D)k>d big diili, Ip i Cnnalt, clia ttruw lDdlatiii( bar dlriiXlaa. 



n» tmc. McRUTv ui>l Vanna wuuliUihlblt lUD-fniit pliasw al riifferenl Uin«: uid ai 
ttiiiaepliiMacnDlrfnDt betH'n.ir vHeTMantUiatlhctlmirTintKhlH Bni no «wnar 
bHi Galltao rllMiail hisamall ulwni'M uIliM uldcrta.Uii>n Jia ftiniid Ihara eihlMlIng 
tiia ftrjr aiipeuuicf* raqolred by tba Cufiamtcaii Ibaorf, lua|ipoDaDta U>ami«lv«a baLnf 

170. Besides the phases above mentioned, n close in- 
spection of Venus will reveal a variety of spots upon 
tier surface. Tliese are supposed to be the natiical divi- 
sions of lier surface, as continents, islands, ifec. Scliroeter 
measui'ed several mountains upon tliis planet, one ot 
which he estimated at over twenty miles in higbt. There 
is evidence of Ihe existence of an at-moaphere about this 
planet, extending to the distance of about three miles. 



171. "Were a person situated npon one of the exterivi 
planets, at a distance from our globe, it would exhibit 
phases like Mercury and Venus, in its aimual revolution ; 
and the continents, islands, and seas would apjiear only 
ttB upots upon her surface, assuming various forms, h(v 
coixling to the position from which Uiey were viewed. 

170. What elte sepu upon Venus! Wiinl BUpposod to lie i BeliTbBlor'i 
BwifUTrment- I lUs Voims »n «(m™oA«r/ 

111. iiuw w&ukl our tiloba uppeuj- il vtuweJ froin n dUtSLJ* t 



astbonokt. 



M»?a n hira ftnu dlOUint -rifwi at oai own riobe. Bo. 1 li > Tlaw o( tht 
NkHihii Hem<>pbas;Ni).l,iifth«Si>iilbeni; Ho. t, of Cba Eaaurn CantlMnt ; No. ^ 
of U* WMr«rti. A oaamDa temstrlA] tf\6bt will prevent a diflerant ■q>flct ttnm evArj 
nen pwlllon Itom nhlcb II !• vlawed; u tba evtli muc In her eppeuuee U>tb> Id- 
lubltAnU of atlter worldly 

UABS. 

172. Mara usually appears like a 8tar of the eecond 
magnitude, of a reddish hue. When in opposition, or 
nearest to tlie earth, he appears quite brilliant, as we see 
his disk fully illuininatea. His apparent diameter is 
then atxtot 18" ; whereas, when on the opposite side of 
the ecliptic, or in conjunction with the sun (80), it ie only 
i". He exhibits slight phases, and his surface seems to 
be variegated with hill and vale, like the other planetary 
bodies. " Upon this planet," says Dr. Herschel, " we 
discern, with perfect distinctness, the outlines of what 
may be continents and seas." "When it is winter at his 
north pole, that part of the planet is white, as if covered 
with ice and snow ; but as summer returns to his north- 
ern hemisphere, the brightneee about his north pole dis- 
appears, 

173. The general ruddy color of Mars is supposed by 
Sir John Herschel to indicate " an ochery tinge in the 
general soil, like what the red sandstone districts on the 
earth may possibly offer to the inhabitants of Mars." 
Others suppose it to indicate the existence of a very 
dense atuiusphere, which analyzes thelight reflected from 
the planet. 



stponilHl. ULd the rad rtiffi oi 



Whrv the ninllglit paaaea thmngb 
dllfflrQDl rayft of wblch It Ie oompoM 

172. Ubu^ appearance of Mar , _. . , 

dvreter! Csuiie of treat VKrintion ! Flumaif Ueruolxil'* [umarlC t KpiM 
k L tth poie I 



THE ABTEEOIDB. 

•uth, giving to tbe dondR ■ gornaoH rrfmKin uppcBTatiM. In a Bimt 
WMuHd Chut tlw Mino«pb«n af Uanmiyilva biui Iili oimion hu. 



1. Tlia iWit-bud Bgiin repnHiitl Man u Hen it I)ie Clnrlnniill OhHrvabirr. 

n»nMdl4tltit\tlniBitinw\aabJ Dr. Dick. 

1 Jut aHt of tlis-B«v>n aon.- ot PMniitn-lUr ucrldit vil) IIdiI unollitr imp 
nlMtba Bvad—; oat at wlilch. mioil Alifrb-irrin. Inurannliheli «at,Hid Kmevbil 

knHgUd with UiwHabMiMd ilda Uwud lu, liu iqiiHiui muiita lugcruul tvigfamUiu 
JMAma. 

174. As the periodic time of Mara ib only 1 yr. 323 
days (71), hia motion eastwnrd among the stars will be 
very rapid, ae in tliat time he must traverse the whole 
circle uf the heavens. His rate of motion being abont 
1° for every two days, or one whole sign in 57 days, it 
■will be easy to detect his eastward pJX)gre88 by observing 
bis change of poeition with reference to the fixed stars, 
for a few evenings only ; and by marking his place occo- 
aionally for two vearB, we .may track hun quite around 
the heaven.. ^ _ ^ ^./ li^ \^^r~^, 

~ THE A^^EKOms. 

175. The Asteroids are iuvisihle except through tele- 
scopes, though Vesta was once seen by Schroeter with 
the naked eye. Few of them present any eensible disks, 
even under the telescope. They have a pale ash-color, 
with the exception of Ceres, wiiich is of a reddish hue, 
resembling Mars. A thin haze or nebulous envelope haa 
been observed around Fallas, Bujiposed to indicate au 
extensive atmosphere ; but no spotu or other phenomena 
have ever been detected. 



ITl. WliU «Bld of the •^aard motun of Mpn I Hucr datccted i Ka 
171. Are th« aMeroi-iB visiblo to nuked eye? Schrttelcr? How app 
«Dd«rla]e>«ope) Uerea) I'nUiult |,liGiiisrka df .sit John Henslielll 
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th«* b« aenl]tMU of Uielud. ATnim ptaeeil on nneof Ihewr'aneto mteht milngirmi 
(uetatlie btghlof 90 Biat.snil siitutii nuEreutr abock la bibiluoDl Uuo iiudiHau* 
the eulli IToia Lwpbig tyud." GMUtun, ud nolM. 

JVFTTEO. 

176. To the naketl eye, Jupiter appears like a fine 
bnght star of the Jii-st magnitude. His apparent di- 
ameter varies from 30" to 46", according to nis distance 
from the earth. His color is of a pale yellow. Under » 
tfck«cope, his ob- 
lateness is plainly 
perceptible (as 
shown at 135J, 
and his disk is 
seen to be streak- 
ed with curious 
belts, running 
parallel to his 
equator,as shown 
in the cot. 

1. The Dumber if IwlU 



0,» liu-tranienl tbroogli 

W'nw tfiolwo main belts, me each «lde of hli eqoWor; batlhoe* atgrtUM power «!■ 
hlblluioTT or these onrioiu (upon^lnges. DtHencbel oaceHW hli wbole dUk corareil 
•rith BDull belU. 

177. These belts sometimes continue without change 
for months, and at other times break up and change their 
forms in a lew liours. TJiey are quite irregular, hoth in 
form and apparent dennity ; as both bright and dark 
spots appear m them, and their edges are always broken 
and uneven. Tliej' are supposed by some to be openings 
in the atmosphere of the planet, through which its real 
body is seen ; while others think they may be douds, 
tiirowQ into parallel strata by the rapid motion of Jupi- 
ter upon his axis. The ^lots in the belts are thought to 

ITS. Jupiter to nskcd eye \ Apparent niamiitnde t Cmuie of variation ) 
l-olor? Flpurel Belle) iNiDubcr of bdts! Ordjuuiiy ) . As Beau by 
Herecliul 1 Whi>t view in the cut t) 

1!7. Are these beits nirmaittiit snil rtguiarf Whut suppoeeJ to bcl 
WLat nud of tpoU ill the belts 1 What awertuiued by uljHirviiig upotul 
(What laid in Dots t) 
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be ca/oems or rnountams^ or, at least, something penna 
nentiy attached to the body of the planet. It was by 
watching these that the rotation of the planet upon \\a 
axis was ascertained. 

One of these spots, first observed in 1665, disappeared, and reappeared rrfnilariy !n th« 
snme form for more than forty years; showing conclusively that it was something [ler 
roanent, and not a mere atmoapherical phenoiuenoo. 

178. In examining Jupiter with a telescope, from one 
to four small stars will be seen near him, which, on 
examination, will be found to accompany him in his 
eastward journey around the heavens, and to revolve 
statedly around him. These are the moons of Jupiter, 
of which we shall speak more fully under the head, of 
Secondary Planets. 

The writer once saw all four of these satellites at once, and verv distinctly, tlirongli 
a cuinmo-k. ship tele8coi>e, worth on'y twelve or fifteen dollars. '!rhey were fir»t seen 
by Galileo with a telescope, the object-glass of which was only one inch in diametert 
It the student can get bold of any s^uch instrument whatever, let him try it unon Jupl- 
ter, and see if lie cannot find from one to four small stars near bim, that will occupy 
different positions at different times. 

179. As the periodic time of Jupiter is 11 years 317 
days (71), his rate of motion eastward through the fixed 
stars is about 30"' a year. Still, this motion can soon be 
detected, and in 12 years we may watch his progress 
quite around the heavens. 

The writer has watched this planet from the wniite^tlon of Aries, wett of tha 
•■ Seven Stuis,^ till be passed that groop, and onward tluongb s , n, O, <&)C., to bts for- 
mer porftioo. He then oommenoed bis seoond round under our obseryation, which 
be completed in 1860, and now (July, 18M) has completed over one-half of his third 
Joarney «f the cslastial cirdt, woieh 1m peribna^Mnltfly evezy twolve yeank 

180. This planet is plainly visible to the naked eye, 
appearing like a star of the third magnitude, of a pale 
bluish tint. His average angular diameter is about 18". 
By the aid of the telescope, lie is found not only to be 
oblate, and striped with belts, and attended by satellites 
like Jupiter, but to be encircled by a suite of gorgeous 
ringa^ which renders him one of the most interesting 
objects in all the heavens. 

178. Whftt else discovered about Jupiter f What are they f (Bemark iu 
note?) 

179. Jupiter's rate of motion eastward ? Is it easilv detected ? (Remark 
m note ? Where was Jupiter in 1846 ? In 1853 ? Where now t Where in 
1858?) 

180. Natural appearance of Saturn f Angular diameter ? Appearance 
through telescope f 
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181. The oblateneee of Satnni (15) is diBtinctly tEbi 
ble tlirough good telescopes (as shown in the cut), while 
the body of the planet is of a lead color, and the rings 
of a mlvery white. They may be compared to concen- 
tric circles (18) cut out of a sheet of tin. They are 
broad, fiat, and thin, and are placed one within the otUar 
directly over the equator of the planet, and revolve with 
him about his axis, in the same direction, and in the 
uiine time (128). They are estimated to be about 100 
miles in thickness. 

1 82. These rings are solid matter, like the body of the 
planet. This is proved by the tact that they invariahlv 
cast a strong shadow npon the body of the planet, and 
frequently exhibit the planet's shadow very distinctly 
upon their o^n surfaces. It is also evident that they 
are wholly detae/ied from thepUmet, as the fixed etara 
in the distant heavens beyona have been seen throngh 
the opening in the rings, and between the planet and 
the first ring. 



< Bh>doH of Uia 



1S3. As our view of the rings of Saturn is {;enerally 
an oblique one, they usually appear elliptical, and 
never circular. The ellipse seems to contract for about 
74 years, till it almost entirely disappears, when it begins 

181. OblsMnerat Colort Binge— vlint like t Hov Bituatcd! Whnt 

18^. Wliiit «Hiil of tubttane* of the rinss I What proof I ^Jiiit evidence 
IhM tlicy are detached I | Re murk of author na tc iieeiiig BBtellitosI K*- 
•piiOti 11 j( rings I Opinion of Herscliel !) 

133. wli*t the geuccal appueut %ure of the ringst Wh7 eUipUcall 
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to expand again, and continnes to enlarge for 7^ yeara, 
when it reaches its maxiiiiuin of expansion, and again 
boj^iiis to contract. For iitlwn years, the part of the 
riiiga tmoairl lis seenis to be thrown up^ while for the 
next fifteen it appears to drop hflow the apparent center 
of the planet; aud while shifting from one extreme to 
tlie other, the rings become almost invisible, appearing 
only a^ a taint line of light nimiing from the planet in 
opposite directions. The riugs vary also iu their inclina- 
tion, Bouietimea dipping to the right, aud at others to the 
lelt 




1S4. The rings of the planet are always directed more 
or less toward the earth, 
and sometimes exactly 
toward ns; so that we 
never see them perpen- 
dicnlarly, but always 
either exactly edge- 
wise, or obliquely, as 
shown in the'last fignre. 
Were either pole of the 
planet, exactly toward 
ud, we should then have 
a perpendicular view of 
the rings, as shown in 
the adjoining cut. 

185. The various phases of Saturn's rings are ex- 
plained by the facts that his axis remains parallel to it- 

bpU' (see following cut), with a uniform Inclination to the 

Wluit iwriodic varmdon areipunMonf Of iDdinBtion! When Dearlv In- 
184. How are the rinra Bituated wilh respect to the earth I llow wouJh 
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filane of his orbit (122), which is very near tlic rtliyitlc 
lOS); and ns the rings revolve over hiit eqimtur. und ut 
n'ghE angles with bis ii\is, ihey also remHiii )>arHlh'] t» 
themselves. The revuhitiim of llie planet ahuut tlie eiirth 
every 30 years (72) iniiet therefore bring first one siile 
of the rings to view, and then tlie other — causing all the 
variations of expansion, position, and inclination which 
the rings present. 



remuD pualltl to UkuimIvi^ 

ItiBubVli.iutliiidrlitle tlie planet la tuMtnft ftotn A tu E.t1i( 
MubrocimiM eli)« uf tlit rlnm: anilwIiMe he nnsKilVnm I 
,ptrotm>rtA >h1*; ukri u It r«)iilr« liwnt 80 jtm for thi 

t, A mid Em the aqalnmiual, and C Hid O Uie toltUtial nilnli In Itia orbll of 

proiddeil Satnrn is In opikbUToii to ihesnn. To nil nb-erveron the oarth, iho rinm wiii 

fhrn Q (o A. A^ahi : Awn A to K the frimX of the hngB will mpp««f abtfts Mn pLmiitft'i 
«nt^ and tmn E to A beicto IL 

4, 'Tliarinni^'BataniwerolavMblautlDEB.rniin the asdoT April. lS48.to tha Itth 
nf JannaiT.iSW. Ha am* to hl9 equinox Bepl«nJb«r T, ISIS; frum which time u 
Februrr, ISH, bla fingt will coDltnne lo expanil Vtvtn that tlma to June, 1S«8, ther 
'-'" -—-A. whan ha will inKhlilsnilior eqnlnoial E, and Uia rinra — '" '- ■—'-■■■- 
, IBHtL to Saplciuber 1R7«, tbej »lll inln aipanil ; and f 

■ehTwn.tbei y'" -■•- ■■- -^' >■- '■ ■■■ ' — 

bar TjatS, or 291 yeara bel 
3. The writer haa aften hcd id 

tliat tlma (Jannary, 184*), the; appeared aa a iirlght'lliw'of iiEhC,'aa rajnaeDlsd at _ 
ud E, In ttia abai* cnt. 

IBS. What IB the eavt of ibexe varyiDS pbaiws, Ats.1 (Exfilmn by di*- 
gnm, Wlieu liogr inviaiblo ! Wlien at hia eijuinox I How Iudj; riiiga ex- 
pBnd ) CoDtractf When riutni next invisible! Expuiuioii u^un t Ciii> 
toialioa I At vhat point tliBa 1 Author's oUetvMioiu t) 



From June, IBinJto S^namber, 1R7«, tbey will anln aipanil ; and from September, 
"""" " tfareh, ISTT.tbf^ w (II contract, when ha w0 boat the oqDinox paiaad Beptem- 



ISfl, The iliinetisione of tlic rings of Satiim may bo 
Etatc'd ill luiiiiJ iiiiiiibei's iis f'lUuws : 

Utlc*. 

Distance fi-om ilie hotly of the planet to tlie 

tiret ring 19,000 

"Width of mtenor ring 17,000 

Space between tlie interior and exterior rings 2,000 

Width wf exterior ring 10,500 

Thickneea of tlie rings 100 

Tl>» MdHstla, u glTMi br sir Jdm IlanclKil. ne u MIkih: 

EMerlor diuwuir or HiHrior rinr ^ir-OU = 1TU11 Tnir«i. 

Ji,wrl..rilo 85"1t8» = lia,«* - 

Esttrior ,lliune[*r o( Inmrlor ring W"'4TS= IM.WI - 

Inwrlnr.k. S«'--M8 = 11T,»W " 

X^DUorlBldlamelerorUicbod* ir-Ml = T».l«0 " 

Inlervst betwrcti 'Jw planel wd InUrioi iltir 4"38> = le.lWO " 

ItiMrulof tlierlogi r*J8= 1,T91 " 

Tfalcknsuafttaariiigt notucHilln; tW " 

187. The rings of Saturn serve as reflectors to reflect 
the light of the sun n|$n his disk, as onr moon reflects 
the light to the earth. In his nocturnal sky, they must 
appear like two gorgeous arclies of Jight, bright as the 

full moon, and spanning the , 

whole heavens like a stupen- r 
dou3 raitiliuw. I 

In llif sniwxeil ral. tlw behotder ll npp<iaHl I 

Bnlqrn. mi,) kniklngiHrFnly MStb. Tha M-id. I 

u ii'h- iiiilit xtvinuw. ~Liiki ■ %w XBOn It I 
■lt.>«nlnLlie w«ii.iii,lt/-|djr<wntiiU»eim U 

1S8. The two rings tinited are nearly 18 times as wide 
as tiiH diameter of the moon ; and the nearest is only 
y'jth 88 far from the planet as the inoon ie from na. 

I. Tint two riDgi nntUd n VIMO mlleawtila; i[htch.>-S,1W tlw moon's dlims- 
tvir 19 ^, . So HO,oau uillu, On moon*! dtauoce -i- l«,Oa(l ttia liisuna oT Satnm's In- 
t«turr1n^ = l3'J. 



...... ...... —^^- T». rinffa aiipav, with * thviuBiKL tlmas tha !..»».« ...^....^^.~, —^ 

«kiy oae-tw«lfUi pan ot har dJBtuiu I 

IS1. State the diBlsnces end dinieiiBionK o! Ills rings, bejtiDDiii; et the body 
of llie plaiiec, uad p«»iug oatward. (W liut inldidtfntd alatistica from Uer- 

]j"T. WhM purpose do the rings of Saliirn serve I How epjMisr in hu 
•vening nky ! 

ISa. wiJUi of two rings, Mcompnred with moon? Distnnoe I (Demon- 

ttiutmlii tiowToalduDi'mooDaniwriittbodutawofSatuiii'iiiiigsI)' 
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189. Besides the maffnilicent rings already described, 
the telescope reveals, eight satellites or Tooons^ revolving 
around Saturn. But these are seen only with good in- 
struments, and under favorable circumstances. 

On one occasion, the writer saw Ave of them at once, with a six-inch refractor mann* 
iRctared bv Mr. Hcrnry Fitz, ot New York ; bat the remaining three he has never seen. 
For a farther description of these satellite se^ chapters on the Secondary Planets. 

190. The periodic time of Satuni being nearly 30 
years (72), his motion eastward among the stars must be 
very slow, amounting to only 12° a year, or one sign in 
2^ years. It will be easy, therefore, having once ascer- 
tained his position, to watch his slow progress eastward 
year after year. Saturn is now (October, 1852) about 
15° west of the seven stai-s, and consequently will pass 
them eastward early in 1854. 

URANUS. 

191. Uranus is scarcely ever visible except through a 
telescope; and even then we see nothing but a small 
round -uniformly illuminated disk, witlwut rings, belts, 
or discernible spots. His a])parent diameter is about 
4", from which he never varies much, owing to the small- 
ness of our orbit in comparison with his own. 

Sir John Hersehel says he is withmit discernible spots, and yet In his tables he lays 
down the time of the planet's rutution ( wliicli could «>nly be ascertained by the rotation 
of spots apon tlie planet's disk), at 9 hourx (iSS). This time is probably given on the 
anttiority of Schriieter, and is marlie<i as doubtftil by Dr. HersclieL 

192. The motion of Uranus in longitude is still slower 
than that of Saturn. His periodic time being 84 years 
27 days, his eastward motion can amount to only alK)ut 
4° 17' in a whole year. To detect this motion requires 
instruments and close observations. At this date (185c3) 
Uranus has passed over about \ of his orbit, since his 
discovery in 1781 ; and in 1865 will have travereed the 
whole circuit of the heavens, and reached the ^oint 
where Hersehel found him 84 years before. . 

189. What else seen aboat Saturn ? When seen ? (Observationii of the 
author.) 

190. Motion of Satam eantwanl ? Rate f 

191. How Uranus seen* How «ppear through telescoped ? Apparent 
diameter ? Why bo small, wlivu so much larger than Venus i Why so little 
variation ? (Remark respcetiii;r s)>ut8.) 

192. What said of Uranus* apparent motion f Rate per year? In 1853 
how fiir ainoe diaoovered 2 Whwu uuula a complete revolutiou bince 1781 1 
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198. Uranus is attended by several satellites — ^fonr at 
least, probably five or six. 

Sir WUIIftm Henebel reckoned six, thonsh no other observer has ronflnned this 
•pinion : and even bis son, Sir John Herachel, seema to consider the exi«t«uce of als 
iateUitea quite doabtftd. 

KEPTDNB. 

194. Keptune is a purely telescopic planet, and his 
nnmense distance seems to precluoe all hope of onr 
coining at much knowledge of his physical state. A 
single satellite has been discoyered in attendance upon 
him, and the existence of another is suspected; but il 
others exist, they are as yet undetected. 

195. On the 3d of October, 1846, Mr. Lassell, cf 
Liverpool, England, supposed he had discovered a ri/ng 
about the planet, similar to the rings of Sacum ; but this 
supposition has not yet been connrmed by thi" observa- 
tions of other astronomers. 

196. The periodic time of Neptune being 164 years 
226 days, his motion in longitude amounts to only about 
2° 10' per year; and yet this slow motion of ab\Mit 21' 
per day is easily detected, in a short time, by the 5»ad of 
the proper instruments. It is by this motion, as w<^ll as 
by the disk which it exhibits under the telescope, that 
the object was first distinguished from the fixed stAi*S| 
and recognized as a planet. 

THE SOLAR SYSTEM XN MINIATUBB. 

197. Choose any level field or bowling-green, and in 
its center place a globe two feet in diameter, to represent 
the sun. mercury may then be represented by a rrbus- 
tardsced^ at the distance of 82 feet ; Venus by &pea^ at 
the distance of 142 feet ; the earth aMo by a pea, at the 
distance of 215 feet. A large jfnn'jt hsad wouJd repre- 
sent Mars, if placed 327 feet distant ; and the Asteroids 
way be represented by grama of aanrul. ^?in 500 to 600 

198. Attendants of Uranas ? How many ? (Eeinai-k m note I) 

194. How Neptune seen ? What attendant \ Sn^piotvu i 

195. Snpposition of Lassell ? Is it eonfirmod ? 

196. Motion of Neptune per year? Why so slow ? '^••» 't W <9«t4nt(«d. * 
197* Wli»l represeatatioi; of tke solar system I Size U' ifonr ^dttrcuxji 
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feet from the center. A moderate sized orange would rep- 
resent Jupiter, at the distance of 80 rods, or 1,320 feet ; 
while a smaller orange would represent Saturn, at the 
distance of 124 rods, or 2,046 feet. Place a full-sizul 
cherry or small plum three-fourths of a mile distant for 
Uranns, and another a mile and a quai-ter distant for 
Keptune, and you have tiie solar system in miniature. 

198. To imitate the wotionb of the planets in their 
orbits, in the above illustration, Mercury must move to 
the amount of his ovm diameter in 41 seconds ; Venus, 
in 4m. 14s. ; the earth, in 7m. ; Mars, in 4m. 48s. ; Jupi- 
ter, in 2h. 56m. ; Saturn, in 3h. 13m. ; Uranus, in 2h. 
16m. ; and Keptune, in 3h. 30m. 





CHAPTER IV. 

8XAS0N8 OF THE DIFFERENT PLANETS, ETC. 

199. The general philosophy of the seasons has already 
been explained (Art. 119 to 125). 

The intiijiation of the axis of a planet determines the 
extent and character of its zones ; and the length of its 
periodic time determines the l£ngth of its seasons. 

Thni^ the axis of tbe earth being Inclined toward the ecliptic 28^ 28', the tropica fkll 
tS^ 28' tVoui the equator, and the polar circles 28^ 28' ftom the poles ; and the iterioU of 
the eartirs revolution around the sun being 8654 days, it follows that each of the four 
seatMins must include about three months, or 91 days on an average. It thea^is were 
more inclinod. the tropics would fall further ft'om the equator, and the polar circles Air- 
tlier from the ftoles, so that the torrid and ft-igld zones would be wider, and the tem- 

C^rate narrower; and if the earth's period were longer, her aeaaona, respectively, would 
» longer. 

200. The general temperature of a planet is probablj 
e:overned by its distance from the sun (59, 60) ; but the 
temperature of any particular portion of a planet de- 
l>ends mainly upon toe directness or obliquity with which 

Mid where placed ? Venus, what and where f Earth ? Asteroids ? Man 

19S. How imitate the motions of the severaJ planets ? 
1V9. Whut deteriniiies the extent and ehanicterof a pIanct^s«OfM»/ Whal 
tke Imgih Hi Hh seiuiofiii ? (lUuBtrate by indinaitioii ftBd ponod of the Mrtb^) 
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Mfi rays of light faU ■wpon it — a circumstance that greatly 
afiectB tlie anuiunt of ligtit received by any given por- 
tion i»f its surface. Hence we have Bummer in the 
northern heinigphere in July, when the earth is farthest 
trorn the sun ; and winter in January, when she is near- 
est the sun (144). 

Thongh nearer the snn in January than in July, still, 
as the northern hemisphere is then inclined from the 
Bun, his rays strike its surface obliquely ; less Tight falls 
upon the same space than if its contact were more dii'ect, 
and it is consequently cold. But in July, the rays are 
more direct — the northern hemisphere being inclined 
toward tlie sun — and it is summer, notwithstanding we 
are throe millions of miles further from the sun than in 
January. 

L Tbs oompunitlTg 1111011111 of U(tatr*a«(Tad In thSM 
JnoiuT nuy ba Ultumua l>T tlu KsompuT- 
lii« Ognn, fn wb[ch ttaa nyi of UgbC at dlt 
fciVDl MuaH m rapnMDUd to Uia vja. In 



JuuiT. Oaj an aaan to itrUta Uta sortlwra 

bamlHNMra abltqvalr. aod mnsaqi 

amoont of llfbtlaipTead orer ■ D 

fcb Id Jnlj, Xbt nyt tall alnoM | 

■poD na. and an nmah men tntai 

nrlatloai of Mnperanm wbleb 



i. irttaaKodeiitliDatparfBctljalaaraalalaH 
tha north pola is cumed Ant touQrd and ^vnfrwn 
tbe ann, li« will n««l to be ctiudtd igmlntt tha 
nloT Ids Elut tbe <unh*i a^a - wabhlH-'ullls 
called. By oociBqlting 119 lu 121. and Iht «il\ II 

•fi aili, wmbinad -lib itr [iMiiviii- ravolyil.111, ilne tba twiiitirni and ovm waleama 
duogaaoT tbaseaaoni. Uow uiuipKandyal how elfertn^l, thIiDlvliie mKhanlaml 

201. As the inclination of the axi^ of a planet and the 
. length of its periodic time determine the extent and 
character of its zones, and the length of its seasons, it 
follows that where these are known, we have a reliable 
clew \c the seasons of a planet^ even thongh we have 
neither vi -ited nor heard from it ; and as we do not know 
the inclination of the axis of Mercnry, we have ut> 
knowledge of his seasons. 

BOO. WhBt govenw Ihe general temperature of the plouetn I The tem- 
pnratnro of partioular zones i What result Fram this liut f Wliv not vam- 
wt in Junu»ry, Ac! (ItlimtrBle bv diA|;ra«i.) Uov aie the polea Bliin«il t» 
mi from tliB Biin ) Do iLe pol(M '• watihlo I" 

MI. llftw mwwnair •'■- -'■ — 
tdoa of HMnU7 1 
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202. The seasons of Vernis are very remarkalile. So 
great is her inclination (122), that her tropics tall within 
15° of her poles, and her polar circles (as if to retaliate 
fur the trespass iipon their territory), go up to within 15® 
of her equator. Thus the torrid and frigid zones over- 
lap each other, and the temperate zone is altogether 
annihilated. 

The period of Venus being but 225 days (72), the sun 
declines in that time fix>m her equinoctial to within 15® 
of one pole; then back to the equinoctial, and to within 
15® of the other pole, and again back to the equinoctial. 
The ejff^ect of this very great inclination is to give eight 
seasons at her equator every 225 days. 

In her short period of 325 dftyv, the sun seems to pass from lier northern mistiot 
through her equinox to her southern solstice, and back to the |M>int IV«»ui which b« 
•tarted. When he is over one of her tropica, it is winter n»i only at tlie otliw tropic, 
but also at her equator; and as the son pa!»es over firom tnipic to tropic, and back again 
every 225 days, Djaking spring at the equator as he approaches it, summer as be paMee 
over it, autumn as he declines from it, and winter when he reHcIies the tropic, it follows 
tiiat at her equator Venus has eight MOttowt in one of her yean, or in ^5 of our days. 
Her seasons, therefore, at her equator, consist of onlv alxMit four weeks of our time, or 
88| days ; and, from the heat of summer to the cold of winter, can be only about 56 
days. At her tropica, she has only tour seasons of 66 days each. 

208. The polar inclination of Ma/rs being 28** 42' (122), 
his torrid zone must be 67*^ 40' from his poles — leaving 
only 32^ 40' for the width of his temperate zone. But 
as his year consists of 687 days, his four seasons must 
consist of about 172 days each, or nearly twice the 
length of the seasons of our globe. 

204. So slight is the inclination of the axis of Jupiter 
to his orbit, tnat he has but a narrow torrid zone, and 
small^polar circles. As his orbit departs from the plane 
of the ecliptic only 1° 18' (108), and his axis is inclined 
to his orbit only 3° 5', it follows that his axis is nearly 
perpendicular to the ecliptic. The sun never departs 
more than 3° 5' from his equator; and still, as ^^is peri- 
odic time is about 12 years (72), he has alte*aately six 
years of northern and six of southern declination. His 
narrow torrid zone and small polar circles leave very ex- 

202. Seasons of Venns f Where her tropics f Polar circles ? TemperaM 
■one ? SonV declination npon her ? Its effect f (Substance of note 1) 

2^8. S^nes of Mars ? Length of seasons, and whv 7 

20i. Zones of JaDiter, aud wby f DeMvibe hU tdi^ate. 6M6<»6t Dm 
end nights f Pol«al 
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tensive temperate zones. In passing from his equator to 
his poles, we meet. every variety of climate, from the 
warmest to the coldest, with but slight variations in any 
latitude, from age to age. His days and nights are al- 
ways nearly of the same length, as the sun is always 
near his equinoctial. His poles have alternately six 
years day and six years night. 

205. The polar inclination and zones of Saturn differ 
but little from those of Mars ; but his seasons are greatly 
modified by the length of his periodic time. This beini 
about 30 yeai-s, his four seasons must each be about 7i^ 
years long ; and his polar regions must have alternately 
15 years day and 15 years night. The rings of Saturn, 
which lie in the plane of his equator, and revolve every 
10^ hours, are crossed by the sun when he crosses the 
equiniK^tial of the planet. During the southern declina- 
tion of the sun, which lasts fiileen years, the south side 
of the rings is enlightened, and has its summer. It has 
also its day and nigh^, by revolving in a portion of the 
planet's shadow. When the sun is at the southeni tropic, < 
it is midsummer on the south side of the rings, as the 
rays of light then fall most directly upon them. As the 
sun approaches the equator, the temperature decreases, 
till he crosses the equinoctial, and the long winter of fit- 
teen years begins. At the same time, the north side of 
the rings begins to have its spring ; summer ensues, and 
in turn it has fifteen years of light and heat. Tlie influ- 
ence of these wonderful rings upon the climate of Saturn 
must be very considerable. During the winter in each 
hemisphere, they cast a deep shadow upon some poition 
of his surface during^ the day^^ «Dd in the summer, these 
immense reflectors so near the planet, and so bright 
in the sunlight, must contribute greatly to the ligiit, if 
not to the warmth, of his summer evenings. The poles 
of Saturn are alternately 15 years in the light, and 15 
years in darkness. 

206. Of the inclination of the axes of Uranus and 

20A. Zones of Saturn, and why ? Lenffth of seaftons I Kingii— how •n* 
y^ hteoed } lofliMDce upon oUoiate I •ii'iMNr da^ and nigUto i 
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Neptnne, respectively, we have no knowledge, and con 
Beqnently can tbrm no opinion re8j:ecting their tropics, 
polar circles, zones, &e. If not too much inch'ne^l, like 
Venus, they have but four seasons in their year^ which 
would make each season of Uranus 22 years an<l I) days 
long,^ and each season of Neptune 41 years and r>(»^ days 
long; as these periods are, respectively, one-fourth of the 
periodic time of the planet (72). 

Thiu we see that tropica, polar circles, sonee, and seaeons are not p«cn1iar to onr globa, 
bnt are a necessary reMiItofan Inclined axis, and a revolution around tlie sun. The 
rstiMs wliicli priMluce our seaBi>n8 are known to be in o|>eration in otlier planetarr 
worlds, and It would be unreasonable to deny that the ^€ci was tliere also. 

DISCOVERY OF THE DIFFERENT PLANETS. 

207. The old planets, as they are called, viz.. Mercury^ 
Yenttft^ Mfirs^ Jujnter^ and Saturn^ have been known as 
planets, or ** wanderers," from the earliest ages. Uranvs 
was d!sc(»vered by Sir William Herschel, March 13th, 
1781. Neptune was demonstrated to exist before it had 
been seen^ oy M. Le Verrier, of Fi-ance, August, 1846; 
and first seen by Dr. Galle, of Bdrlin, Sept. 23, 1846. 

208. The discovery of Neptune is probably one of the 
greatest achievements of mathematical science ever 
recorded. By comparing the true places of Uranus 
with the places assigned by the tables, it was found that 
he was not where his known rate of motion required 
him to be ; and after making p11 due allowance tor the 
attraction of Jupiter and Saturn (65), by which pertur- 
bations would be produced, it was found that there was 
evidently the effect of some other body, exterior to the 
orbit of Umnus, the attraction of which body helped to 
cause the perturbations of Uranus. From this effect^ 
produced by an unknown and invisible world, lying far 
Dut beyond the supposed boundaries of the solar system, 
not only was the existence of its cause demonstrated, but 
its direction^ distance, mass, and period were proxi- 
mately ascertained. 

206. Wliat aaid of the seasons of Uranns and Neptnne t Prubable length 
of former ? Latter ? (Remark in note ?) 

207. What sii'd of the " old planets ?" Of Uranus ? Neptune f 

208. DoAcribu the discovery of Neptnne. Perturbations ? lables, 4ec. f 
(jxwcribe ttuoutHtive^ stopn in doUuI^i* Wbat«ttid«f Mr. Adams %) 
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1. On the evening of the 8&1 of September, 1644, Dr. Oalle, one of the w^tmnomen 
of the Koyal Observatory at Berlin, received a letter from Le Verrier. of Pariis reqaest- 
Ini; him to employ the great telescope at his cotiiniand in searching tf»r the Mii>ix)sed 
new planet, and giving its position, as ascertained by calcnlation, as 82&o ft!>-b' of geocen* 
tiic longitude. Dr. Galle, taking advantage of the very evening on whirh he received 
Le Verrier's letter, soon discovered an object resembling a star of the eighth niMgnitude, 
near the spot indicated by Le Verrier, as the place of the new planet On iimsuTtiug an 
accurate star chart, it was found that no.such star was there laid down, and olHtcrvattons 
were at once commence<1, with a view to detecting any change of place. In tiiree lioura 
time, it was seen to have moved ; and by the next evening at eight o'chicli. i was fimnd 
tn have retrograded more than four seconds of time (see 97 and cut)— a '■in-umstancd 
whicli prove<Tit to be much nearer the earth than the fixed stars, and con^e4luently a 
planet — the very planet wliich had caused the unaccountable irregularities of I'ranua. 
The seocentric longitude of the planet, at midnight^ September 2a. 184<t, was 82.%0 58'8'; 
whiJh was less than 1° from tlie place anigned to it by Le Verrier! The reH.M>n why 
Le.Verrier wrote to Dr. Oalle was, that the former had no suitable telescoiie for oon* 
dncting the seareb in which he'was so deeply interested. 

8. It is worthy of remark that Mr. Adama, of St John^a College, Cambridge. Eng- 
lart«^ bad also calculated the place, Ac, of the new planet, and Iim arrival at result! 
■imitar to Uiose readied by Le Verrier; but aa the latter bad puiblithtd hi* ouncluaiou 
first, the honor of the discovery is generally accorded to Le Verrier. 

209. The Asteroids have all been discoyered daring 
the present century, and most of them since 1847. The 
first known was discovered by Professor Piazzi, of 
Palermo, on the first day of January, 1801. while 
searching for a star which be found mapped uown in 
his star chart, but could not find in the neavens. lie 
Boon lost sight of it, however, on ac<'Ount of its nearness 
to the sun, but it was re-discovered bv Dr. Olbers, of 
Bremen, in January, 1S02. Pallas, Juno, and Vesta 
were discovered between 1802 and 1807, atlter which 
no additional asteroids were diseovered for thirtv eight 

a.' ^j 

years, or till 18 to. From 1845 to 1855, thirty new 
asteroids were discovered, while fifty others were added 
to the list during the next ten years. From tbe proba- 
bility that they are very numerous, and the rapidity with 
which they have recently been discovered, it is not 
unlikely that the list may yet be extended to hundreds. 
(For complete list, see page 247.) 

r^K). II<i\v lonj; luiTi' a»ti'ro1dii been known ? When nnd bv whom was the 
flr t (lieicovrrecl * The next three r How many from 1807 i<i 1845? From 
l>^ri to I8.>5r From IS&I to 18($5? From 18fi5 tu the preiHiUt time? 
What said of the probability of other disco Verica? 
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CHAPTER V. 

• BCONDART PLANBT8 — THE MOON. 

210. The 8e<iondary Planets are those that revolve 
Wtedly around the primaries, and accompany them in 
Jiheir periodical journeys around the sun. Of these/ the 
earth has one; Jupiter, four; Saturn, eight; Uranus, 
six; and Neptune, one — in all twenty. Besides these, 
there is a strong suspicion among astronomers that Venus 
is attended by a satellite, and that Keptune has at least 
two, instead of one. 

Sir John Henrthel iays Unuiiu It attended ** certainly by fonr, and perhapn by aix, 
and Neptune by two or more,^ Oatllneo, Art 5S4^ In reganl to Venas, Prol^ Hind, or 
London, says: *V Astronomers are by no means satisfied wlietlier Venus should be at- 
tended by a satellite or not. * * * It is a question of-great Interest, and moat re> 
main open for ftiture diBcosslon." 

211. Though the secondary planets have a compound 
motion, and revolve both around the sun and around 
their respective primaries, they are subject to the same 
general laws of gravitation— of centripetal and centrif- 
ugal force — ^by which their primaries are governed. 
Like them, they receive their Tght and heat from the 
sun, and revolve periodically in their orbits, and on their 
respective axes. In the economy of nature, they seem 
to serve as so many mirrors to reflect tlie sun's h'ght upon 
superior worlds, when their sides are turned away from 
a more direct illumination. 

The dMicm of all the secondaries may be inferred ttom what is %oAd of the purposes '^ 
for whii'li our own satellite was created. ** And Oud said. Let there be lights in the fir- 
mament of heaven, to divide the day from the night : and let them be for signs, and for. 
seasons, and f<ir days and years: and let tbero be for lights in the firmament of heaven, 
to give light upiui the earth: and it was so. And C^od made two great lights; the 
greater liiflitto rule the day, and the lesser light to rule tlie night: he made the stars 
•lao.''— Oeu. i , 14— 1& 

« 

210. What nro tlie Secondary pluuet8 ? How many? How distributed f 
What stippoaition rertpcctinj; Venuj« I Neptune ? (Ilerschers remarli i Prof. 
Hi Hi Pal; 

211. What said of the hw% by which the primaries are governed t IJf4( 
■ad lieat ? Usea ? (From what may we infer their design i) 
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812. To the inhabitants of our globe, the earth's satel* 
lite or moon is one of the most interesting objects in all 
the heavens. Her nearness to the earth, and consequent 
apparent magnitude, her rapid angular motion eastward, 
her perpetual phases or changes, and the mottled appear- 
ance of her surtace, even to the naked eye, ail conspire 
to arrest the attention, and to awaken inquiry. Add to 
this her connection with Edipse%^ and her influence in 
the production of Tide% (of both of which we shall speak 
hereafter io distinct chapters), and she opens before us 
one of the most interesting fields of astronomical re- 
* search.. 

213. The Romans called the moon Luna^ and the 
Greeks Selene. From the former, we have our English 
terms lunar and lunacy. In mythology, Selene was the 
daughter of Helios., the sun. Our English word selenog- 
raphy — a description of the moon's surface — ^is ftoxa 
Selene^ her ancient name, and gra/pho^ to describe. 

214. The point in the moon's 
orbit nearest the earth is called 
Perigee^ from the Greek jpm, 
about, and ge^ the earth. The point 
most distant is called Apogee.^ fix)m 
apo^ from, and ^e, tiie earth. These 
two points are also called the ap- 
sides of her orbit ; and a line join- 
ing them, the line of the apsides. \ 

See the moon in apogee and perigee in Um cat The 
•ingabur of apsides u a/wisi 

215. The mean distance of the 
moon from the earth's center is, in 
round numbers, 239,000 miles; or, more accurately, 
238,650. Tlie eccentricity of her orbit amounting to 
13,333 miles, of course her distance must vary, and also 
her apparent magnitude (56). Her average angular 

212. What said of out moon I Why specially interesting ? 
218. Latin name oi'th&moon ? Greek s Deri vatioQ of words from Lunat 
Who wiw Selene in' mythology ? Selenograpliy ? 

214. Periffee and Apogee? Derivation ? What other name for these two 
points ? What is the Um <st the apsides ? (Apsis ?) 

215. Aioon^a distance ? Does it vary? Whyt Eccentricity of orbit I 
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diameter is 31' 7", and her real diameter 2,1(50 miles. 
She is consequently only ^^^th pait as large as tlie earth, 
and TTs&ffWinF^'^ P**^ ^ large as the sun. 

The masMS of globes are proportional to the cubes of thetr dfanictMS. Tlien 
2.160 y 2,16(1 X 2.160 = 10,077.696,0(10, the cabe of the moon's tliaintft«>r: and 7.!M'i 
X 7,912 X 7,912 = 495,289,174,428;, the cabe of the earth's diameter. Divide the lat'iT 
by the Ibrmer, and we have 49 and a fraction over, as the nainber of times th« bulk, of 
the moon is contained in the earth. Its mass, as compared with the sun, is ascertained 
in tlie same manner. * 



216. The plane of the moon's orbit is very near that 
of the ecliptic. It departs from the latter onlv about 
6J° (5^ 8' 48"). 

iHOLQiATioif or ma noon"! obht to thx WLAjn or tbb ■oupna 




ECLIPTIC 




MOTfox or TisB Araiun. 



Let the line AB represent the plane of the eartb*s orbit, and the line joininf? the 
moon at C and D would represent the inclination of tlie miMin's orbit to that of the 
■earth. At C the moon would be icithin the earth's orbit, and at X> ezterlur to it; aiMl 
it would be FuU Moon at D, and Jfeto Moon at C. 

217. The line of the apsides of the moni's oibit :s not 
fixed in the ecliptic, but revolves bl«Avly aioiind the 
ecliptic, from west to enst, 
in the period of about nine 
years. 

In the attloininfT cut an attempt is made 
to repre^wnt this* motion. At A, the line 
of the apsides iH>ints directly to the ritrlit 
and left; but at B, C, and I) \t is seen 
changing Its direction, till at £ the change 
is very perceptible when compare<l with 
A. But the same ratio ot change con- 
tinues: and at the end of a yesr, when the 
earth readies A again, the line uf the ap- 
sides is found to have revolved etiMtward 
to the dotted line IK, or about 40°. In 
.line years, the aphelion point near A will 
have made a complete revolution, and re- 
turned to its original position. 

218. The line of the moon's nodes is also in revnln 
tion ; but it retrogrades or falls back Wf'Htwtirfl ^ making 
the circuit of the ecliptic once in about 19 ver.rs. 

Angular diameter? In miles? How compare with earth ? With hud? (IJow 
demonstrated ?) "* 

216. How Is the plane of the moon^s orbit situated with rexpect to the 
•ecliptic? f Illustrate by diagram.) 

217 Is tno line of the moon^s apsides stationary or not? What motion! 
Period? (Illustrate.) 

218. What of the line of the mponV nodes ? In what time dves it maks 
•tho circuit of the euliptio ? Amount of motion ? 
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The MBonnt of tfali motion la lOO 35' per ftnnnm, which woald «^oiro 18 jmn tai 
S19 «iaiyb for a oompleie revulation. ^ 

219. The diameter of the moon \& only ^Jiyth 
part as great as that of the sun ; and yet the ap- 
parent diameter of the moon is nearly equal to 
that of the sun. The former is 31' 7", and the 
latter 32' 2", or only 66" diflference. The reason 
why the moon appears to vie with the sun » in 
magnitude, when she is only ty.^vy.yyy ^ l^g©? 
is, that she is 400 times nearer to us than he is. 
See Art. 66. 



! 



1. The cot In the margin will show how it is that a small object near na will 
fill as lanre an angle, or, in other words, appear aa large, aa a mnch larger 
•biect which ia more remote. The moon at A filla' the aame angle that ia 
filled by the ann at B. 

8. Thia Ihct may serve to illnatrate the comparaUre influence of thinga 
preeent and ftitare npon most minda. The littl« moon mar eclipse tlie sun ; 
or even a dime, if held near enough to tlie eye, will completely hide all hia 
l^oriea from our view. So in monils and religion. The ** things which are 
seen and temporal'" are too apt to hide from our view the more distant but 
aoperior gloriea of the life to come. 
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220. The density of the moon is only about 
two-thirds that of the earth, and her surface ^^jth 
as great The light reflected to the earth by iier, 
at her full, is only juv^^^irth part as much as we 
receive on an average from the sun. 

221. The daily apparent revolution of the 
moon is from east to west, with the sun and 
stars ; but her real motion around the earth is 
from west to east Hence, when iirst seen as a ^^ new 
moon," she is very near, but just east of the Fun ; but 
departs further and further from him eastward, till at 
length she is seen in the east as a full moon, as the sun 
goes down in the west 

222. The moon performs a sidereal revolution around 
the earth in 27d. 7h. 4r3m. ; and a synodic in 2d(!. 12h. 
44m. The sidereal is a complete revolution, as measured 
by a fixed star ; but the motion of the earrh ea.^rwai*d in 

219. Moon^B diameter, as compared with that of the Han' With Hnn^s 
wpitrttU diameter ) Whv appear ao near of a aize } (lUuatrute by diagnun. 
neflectioti of the author?) 

230. DeuMty of the moon f Her lieht f 

224. Her daily apparent motion i Keal motion ? How traced ? 

222. Whutia her aidereal r^volationf U«r i^nodiot Wiiat differcBoaT 
VThy r (lUtutrau by diagraia.) , 

6* 
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her orbit gives the snn an apparent motion eastward 
*among the Btare (119), and rendera it necessary for the 
moon to perform a little more than a complete revolution 
each montli, in order to come in conjunction with the 
Bun, and make a synodic revolution. 

■IDSBIAL AHD STVOMO WProUmon or TUB KOOXi 

••••: — V. 

SIDEREAL RCVOiOTION 27i-0AYS ^i^ A^ \ 
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VUN AND MOON IN CONJUNCT ION -NEW NOON,' 
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1. On the rtfrlit, the earth Is shown In her orbit, revolving aronnd the son, and the 
moon In h«r <>rblu revolvingr aruand the earth. At A^ tlie sun and uiuon are in con' 
fufU'Uon, or it b Netc Mttmi, As t\w earth passes from D to K, the in(N>n |K«88ea 
around fh»in A to B, or the exact |N>iiit in her ort^it wiiere xhe was 87| days beforOi 
But she {h 8till wMt of tlie sun, and must |ia»B on from B to C, or 1 day and 2il liours 
loncrer, before idie ran again come in t-oi^unctlon with 1dm. Tld» 1 day and 20 hoort 
eonstituics thedittVreiice between a Kidoreal and a tyn<Ml{c revo1uti«>n. 

2. The stndent wiH |ierceive that tlie difference between a sidereal and synodic revtiH 
lution of the nHM»n, litie that between solar and sidereal time, is due to the same* 
aaotely, the revolution of the earth around tlie sun. See 18&. 



DAILY nOGBl 



or 



due to the 

TBBMOCW 



NAtnfABIk 



223. The daily angular 
motion of the moon east- 
ward is 13^ 10' 35". Her 
average hourly motion is 
about 32,300 miles. This 
motion may be detected 
by watching her for a few 
hours only ; and by mark- 
ing her position, with ret- 
enco to the stars, fix)m 
night to night, her daily 
journeys will appear pro* 
mincnt and striking. 

The estimate of 19^ W 85" Is made 
Ibr a sidert^al day of twenty-fimr honra In the above cut, the dally pfrogress of the 
nuM>n niny be traced from her conjunction or '* change'* at A on the right, aronnd to the 
same point again. Thitf being a »idereiU revolution, requires only 87^ days. 




S8B. DiiiJy «ngular motion eiMtward f 
U1I4 OMtiiiiftU mude ?) 



How detecMi f (For wha( da/ la 
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334. In Ler jonroeyings eastward, the moon often 
seems to run ever and obscure 
tlie distant ]>ianut8 and stars. 
This [tlieiioiiieiioii is called an oo 
cii/tuiion. 

thnc nv..>inlim« In Mi«*«.kin— vli, Jul 3wh. F»1>. 
tllh, UHl Hacch Mtli. I'hnnixh ■ tal—cape, tlia 
lutoD 1b seen lo be e»intHntljr ubuitrliu BUn tlut 

bind tba inooa'i euurn limb, mil In t ihoit (line 

•iMblUiig hei mtwird moUoD. 

225. Though the moon's orbit is an ellipse, with res- 
pect to the earth, it is, in reality, an iiregular curve, 
always concave toward the eun, 
and crossing the earth's orbit ?*^Vi??F::X' 

every 13° nearly. ,--.;^'*<** ^k"-> 

1 If the e«Tth tlM^ sHIl In hw orbit, Um i ♦ ®.,) 

Kllptle u ebe descrlbtw wllh nrnp^tA to clie a A ^\ 

«n>,. *^ \V gf^ •? ■ 

t ir Uie «rtb mnveil hat bRmIi' on bar vbt. V:s V^jS *'V 

tb«innon>>«<il.]utuillyraltDiTiideonlhaKtlu- /X ^W* "N 

till u LUe time or her chintn. uid would croii La a J 

■hfTown [Mlb It every mvolullon, •« gboim In ^-jf *^7y 

tbeiiUoinliiEflgnrB. ^utuUieeuttaadvuicH Sf _.T 

•nme4einlinontDf Dilletor neulM>Uni«tb« VW..'* sS^ 

lUmeleror the mnoD'xn'lilC, during adngl* Id- 'ZT^!. », 1^ ^.^):I_.^ 



In Ihe Bpire. II (iillnwn iliat xlie mut deecnba tba curve donated b; [hs middle line, 

SS4. vnMueoeev'talinmt Howprodaoedt (An theyf^B«utt Are 
plaiiBla ever occulted ^ Describe jwxtoesB.l 

ti25. What in tlie Tor^n of the mooii'a orbit witb renpect \o tho earth ! Tha 
itun J (How if Ihe eirtli were »Wtiomiry! If moving sIovlIv ( DomDii- 
*tntU her orUt to In concuve, &e. Drsw orbit for oomplat« luiuition, »af 
dwviiba bar raiaUva motion.) 
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4 This iabjoot may be still farther illiutrated by the following eat, representinf 

TBS MOOM'S path DUKINO ▲ OOMPUETB LFM ATIOM. 

C - _ B 




MOOM*8 PATH. 



Here the plain line represents the earth^s orbit, and the dotted one that of the moi>B. 
At A tlic DiooD crosites the earth's track 240,000 miles behind iter. She gains on the 
earth, till in seven days she patKtes her at B as a FuU M(xm. Continuing to gain on 
ti»e eartti, slie crosses her orbit at C, 24<i,(KH) miles ciA«a</ of her. being then at her Third 
Quarter. From' this {mint tlie earth gains upon the moon, till seven days afterward she 
overtakes her at D as a New Mmm. From 1> to E the earth t-untinue^ t«) gain, till at 
E the moon croanes 840,(HM hefiind the earth, as she ha<l done four weeks before at A. 
Thus the moon winds her way along, first within and tlien without the earth ; always 
gaining upon us when outride of our orbit, and falling behind us when within It 

5. The small circles in the cut represent the moon's ort>it with respect to the earth, 
' which is as r^:u]ar to im as if the earth had no revolution around the sun. 

226. The kjooii never retrogrades on the ecliptic, or 
returns into her own path again ; but is always ad- 
vancing with the earth, at the rate 
of not less than 05,700 miles per 
hour. 

1. *l'he moon's orbitnal velocity, with respect to 
the earth, is about 2,8iM) ndtes [ler hour. When out- 
side the earth, as at B, in the last figure, she {/ninM 
3.>t4J<i miles per hour, which, 'addeii ti> the earth's vo* 
I'icity, would give 7o,3(Mi miles as the hourly velocity 
of the moon. When within the earth's oVbit. a^ at 
D. she loMfM 2,900 miles ]ier hour, which, subtracted 

• from 6S,o<iO miles (the earth's hourly velocity), would 
leave 65,700 miles as the slowest moti>in of the moon 
in space, even when she Is failing liehu'.d the earth. 

2. Could we look down |ierpendicuiar1y upon the 
ecliptic, and see the paths of the earth and moon, 
we should see the latter pursuintr her eorijentine 

course, first within and then outside our globe, somewliat as represented by the dotted 
line in the annexed figure. Her path, however, >fouM be concave ■>wiird the ^un. as 
B|)own on the preceding page, and not convex, as ye were obliged m represent it hero 
u BO small a diagram. t"^ ^ ) f >. 

227. That the moon Is opake, Kke ttie r^st of the plan- 
ets, and shines only by reflection, is obvious, from the 
fact that we can see only that part of her up<jn which 
the sun shines ; and as the enligntened portion is some- 
times toward and sometimes from us, the mo(in is con- 
stantly varying in her apparent form and brightness. 
These variations are called her pfiases. 

£26. At what rate does the moon advance with the earth ? Moou'a or 
bitual velocity, with respect to the earth i Sloweat motion t (Uliistrute the 
uoon*8 course.) • 

227. Whftt proof that th« moon is opako ? What mdont hy her pAdtit f 
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228. The cattse of the moon's phases — her waxinjic and 
iraning — is her revolution around the earth, whieli ena- 
bles us to see more of her enlightened side at one time 
'than at another. 



CAUBB OP TUS MOOH'ft PBAftli 
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L This ent represents the ir.oon revolving enstward aronnd the earth. In the oatside 
eircle, she is represented as she would appear, if viewed from a direction at right angles 
with the plane of her orbit Tlie side toward the san is enlightened in every ease, and 
she ainiears like a half moon at every point 

2. Tlie interior suit represents tier as She appears when viewed from the earth. 
At A it is New Moon ; and if seen at all so near the sun, she would apiHtar like a daric 
globe. At B slie would appear like a crescent, eoncave toward the east At C, more 
of her enlightened side is visible ; at D, still more ; and at £, the enligiitened hemisphere 
is frilly in view. We then call her a FuU Moon, From £ aronnd to A again, tlie dark 
portion becomes more and more visible, as the luminous part goes out of view, till she 
eoiiies to her change at A. When at D and F, thQ moon is said to be gibbous. 

8. If the student will turn his book bottom upward, and hold it south of him, he will 
lee why the crescent of the old ni«>on at U is concave on tlie west, instead (»f the east, 
like the new moon, and why she is seen before sunrise, instead of Just after sunset 

229. The cusps of the moon are the extremities of the 
crescent Her syzygies are two points in her orbit 180° 
apart, where she is new and full moon. (See positions 
1 and 3 in the last cut.) The quadratwres are four points 
90° apart (like 1, 2, 3, and 4 in cut) ; and her octants 
eight points 45° apart (like A, B, C, &c., in the cut). 

» 

230. The moon is said to change when she comes in 
conjunction with the sun, and is changed from Old Moon 
to New Moon. 



22S. Cause of pha8e8 ? (Illustrate.) 

22'.). What are the ei/^ of thiMnoou? Wqt Syzygies f Quadratures t Oe- 
ii»nM/ (l]lu.str»tc on black ooard.) 
Siu. '\\ hat meaut by the change qf the moon ? (How ixoticed or traced ?) 
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If th« gtndent will be on the look-out, he can easily find the moon v>e»i of the ran 
in the davtime ; and, by observing her careAilIr, will see that she is rapidly approach* 
ing him. In a short time she will be lost in his beams, and soon after will appear eaH 
of the sun, just after sundown, as a N&uo Moon. This cfupnge, as it is called, ti^es place 
when she passes the sun eastward. 

231. A New Moon is the moon when she has just 
passed the sun in her eastward journey, and when only 
a small portion of her enlightened hemisphere is visible 
fix>m the earth. She then appears like a slender cres- 
cent, concave on the east. The First Quarter is when 
she has advanced 90° eastward fix>m the sun. She is 
then south of us at sundown, and we see one-half of her 
enlightened side. The Full of the moon is when she has 
advanced 180° from the sun, and is in the east when he 
goes down in the west. Her enlightened side is then 
toward us, and she appears circular, or full. The Third 
Qvm'ter is when the moon has advanced 270°, or f ths 
of her synodic journey. She has been waning since the 
full, on her western limb, and is now gibhous. She is but 
90° west of the sun, is approaching him, and waning 
more and more every day. The waxing of the moon is 
from the change to the jtdl / and the waning^ from the 
full to the cha/nge again. ' 

We earnestly recommend to both teacher and student to obserre the present place 
and appearance of the moon, and watch her through one lunation at least. A little time 
spent m this way will do more to fix correct ideas in the mind than months of abstract 
•tttdy. 

232. The line which separates the dark from the en- 
lightened portion of the moon's disk is called the Termi' 
nator. 

As Just one-half of the moon is always enlightened by the sun, whether it appears 
■o to us or not, it follows that the terminator must extend quite aronnd the moon, 
dividing the enlightened from the unenlightened hemisphere. This circle is called 
the Circle qf lUunUnaUon. At new and fUll moon this circle Is Hdewise to us ; but 
at the first and third quarters, it is edgevoise. The portion of the terminator vif^bla 
from the earth traversee the moon^s disk twice during every lunation. 

233. A variety of dark lines and spots may be seen 
upon the surface of the moon with the naked eye. There 
is a dark figure on her western limb, resembling that of 
a man^ with his head to the north, and his body inclined 

281. What is the ITew Moonf How appear? Fwst Quarter f When! 
Appearance ? FuU Moon and appearance? Third Quarter t Position and 
appearance ? When waxing ? Waning ? ^ What recommended by author ?) 

232. What is the Tsrminatorf (Substance of note?) 

28$. Describe the natural appearance of the full moon. (What said of eat f 
8k«tch on blaekboard. Ojibway legend ?; 
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totheeaet. Just east of him, and oppo§ite hiB8hon.deni 
U an irregular object, resemblinjf a huge bundle or 
fxick. 

uchor. oa lt» evMliig rf Denmtwr ]R ISIW.^ It 

fman b\gh, ud la tha b«I of id dldennl skrlchM 

pun It irltb tht lunt FM Jrosn, ind w* IT onr dna- 

1 1^ Qllbny IndTmng hiTS ■ logeid br which 
Ibejr eipliJn thlg atiwnlu ippeinnn uf Iha munn. 
IiKleiidof ii''niui,''lli«TH;UiliagiintiibMn>iriil 
QfiB-nj maOtm, wbg wu lniialM*il Id Uw liimni 
■^ mafir nowv ago." HirbiiTflif Mt bar ftffKtIifn* ii[Hm 
tbu obleflt, and nftelii^ lo msTj any of Ilia "jumiit 
bnTM' of ttae Cif Itnraj uaUau. How tbe - beauilflil 

wbat tbe fMt of Uw fljon uwani, Iha tndlUon ihiaa _ 

234. Hie^if rnde figures npon the inoon'a disk are 
probably the ootlines of lier ^ruut imtural divisijuB, aa 
monDtains, valleys, and coiitiiiuiLta. 

ATmoat aretybodj' haa noticed thvae mile ^Lnir?* upon tha hca of tha Dioon. and 
RUUIJ. donbtlaw, have wonilared what tliey weir: fmi h*** fcw have Bnppnaed, BAlhef 

indthMthwdlin'oatlliin nnawUuraJ m"/>'i>ri''t<n«rM> hanlaphanil Havinf 
u" Lhaj haT« tuppiwad It uMlaaa Ut ponoe tba aal^ooC aDjr 



235. By a careful obeervation of the moon's disk, &om 
month to montli, it fs found that the game aide ia always 
toward the earth. From this fact, it follows tbat she re- 
Tolves on her axis but once during her synodic revolu- 
tion aroDod the earth. 

I. Br watehlH tha mooi (arafDUr wllb tba BaoiOa ■■nLnnoA 



Kow tf thi 

pointing dirocOj Wi^ 
A, B, CfaaJ " — ' " 



r tb* laiiw pl*«a upon bar disk f^ ^ 

l» nwntii; wMch «how» (bat tba — ^-^ T-' ■^■-.-. 

w^ toward Ba. ff) B ■) 

■ moBiinianl acaeted npan tba ^A "\ 

U> point tdward tba aartJi \ 

sHjE'S fyo H '4). 



naaMelaalw^ 



bar pariodle nvotntlon. At A. Ibe pillar p-.)nu M~^ d If'^ 

livm th« nm, and at C lomird him : ahnwing ^^. V^ ■ ^J 

tliai, In pjing ■•■ - -^ ■" 



itcmaittata poLnlA, al 

_- _._._._,..:::::: •^^^... 

peifuiiiifld balf a rarolDtlon npon ber aula, ^y 

184. Wbat are thea« rude llciire!< »iipp<weJ to twf (Ncice.) 

13S. Wliatiulanu'tiitglwteKtal.li.UeU byn'mdiinfflliemaoul What U- 

■ttwifrtnnitl (UliuuiMbyakiiwItaf «iuai)btaulttKMcd.) 
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236. As the same side of the moon is always toward 
lis, it follows that the eai*th is invisihie from one-half of 
the moon. From the other half, onr giolie would appear 
like a stationary planet, nearly thirteen times as large as 
the moon appears to us, and exhibiting all her varying 
phases. 

237. Though the moon always presents nearly the same 
hemisphere toward the earth, it is not always precisely 
the same. Owing to the ellipticity of her orbit, and the 
conseqient inequality of her angular velocity, she ap- 
pears to "inM a little <»n her axis, first one way and then 
the other — ^thus alternately revealing and. hiding new 
territory, as it were, o:i her 
eastern and western limbs. 
This rolling motion east and 
Vest is called her libration in 
longitude. 



MOOK*f LIBBATIOHl. 
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The aooompanjrlnir eat will lllnstrnte the sab- 
)eet of the in<M»irs librations in loii<ritii«1e. 

1. From A arouml to C. the aiitfiiliir motion is 
ttlaioer than the averaee. and tUv <Miiriial motion 
gains uiM>n it, so tiiattfie pillar points fr^«fot'(iie 
earth, and we see more of tlie euvtem limb of 
the moon.' 

8. From C to A, again, the nif>on aiivances 
fcuiterthtax a mean rate, and guinM upon the 
diornal revolation; so that tlie pillttr |H>intsMMt 
vf the earth, and we see more of the iiHwn's 
fceiftem iimb. Thos she seems to lilirate or roll, 
first one way and then the other, tlaring every 
periodic revolution. * 

At B, we see moet of her eastern limb; and at D, most of her western. 

238. The axis of the moon is inclined to the plane of 
her orbit onlv about one and a half degrees (1° 30' 10*8"). 
But this slignt inclination enables us to see first one pole 
and then the other, in her revolution around the earth. 
These slight rolling motions are called her UbraUons in 
latitude. 

A« the Inclination of the earths axf;* brings first one pole and then the oChei toward 
the 9un, and produces the .season.*, mi tlie inclination of the moon's axis brings first one 

Eole and then the other in View fnuu the earth. But a« her inclination Is only 14 o, tbt 
bratloB tn latitude is very slight. 



286. What other fiict followi* froin.the tnoon^s keepinjif the same side toward 
us? iTow would our srlobe appenr tVom the moon f 

. 237. What are the moon^s Uifratiorut t In VongUudty and caase f (lUiw 
mte on blaclcboard,) 

888. In laUiu4Ur CanMf (Bluatrate by die cue of the earth.) 
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239. Themoon'a year consists of 29iof our<!ayB ; l.nt 
as etie makes but one revolution upon her axia in iliiit 
lime, she can have but one day and one niglit in lier 
whole year. And so slight is the inclination ut' her nsn 
h> the plane of her orbit, that the sun's declination frmn 
her equator is only about 1^°. She must thereliire ha\e 
perpetual winter at her poles ; while at her equiitor, her 
long days are very warm, and her long nights very cuhl. 

240. By the aid of the telescope, the surface of the 
moon is found to be exceedingly rough and uneven, cov- 
ered with vast plains, deep valleys, and lofty mountains. 
Several of the latter are from three to four and a half 
miles high. That they are really mountains is proved by 
three facts : Ist, the fine of the terminator is ja^ed oi 
uneven, as shown in the cut ; 2d., shadows are seen pro- 
jecting first to the east and then to the west, showing the 
existence of_e]evation9 of some sort, that intercept the 
light ; and 3d, from new to full moon, bnght spots break 
out from time to time, mMoono tot w rm Booit 

just east of the tcr- ; 
ininator, in the dark I 

Ixirtion, and grow 
arger and larger, till j 
they join the illumi- ' 
nated portion, Bhow- i 
iiig them to be the | 
t«)i>B of mountains, 
which reflect the sun- 
light before it reaches I 
the intervening val- 
leys. 

1, specimens of dieH Aad- 

tili'iliietolhelen. BrIfihtiwinU 
iif ILElit, or, In other wardh, thn 

ivfrLched them, uid Han tliem BnlArEB iDOre jiod more, u tbe BUD anat Dpoa til* Aid* ol 
tlie nioun toirud w, iml enllghleD^ the aldin of her manntiUiil. 

2S9. Length of moon's fear I Namber ot natural dujB 1 Bhq'b decltna- 

a*). Hoff appear til rough tele«cope«! What proof of mmntMnal (Eo- 
marlifc aponoulS ObservatiOMOf theaothorl DeBcribe Bhadowj andtteif 
ofaat ce>. llliutraM, bj referano* lo the Aiidaa and Itawr ahadowf .) 
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l The shadows are always projected in s directton opposite the sun, or toward the 
dark side of the moon ; and as her eastern Hmb Is dark fkt>m the ebangre to the taW. and 
her western ftx>in the fall to the change, of coarse the direction of the aliadows most be 
revenrfKl. 

8. Suppose a person stationed at a distance directly over the Andes. Before the 
snn arose, he would see the tallest peaks enlightened; and as he arose, the long shadows 
of the moontains would extend to the toMt. At noon, however, little or no shadow 
would be visible ; bat at sunset, they would again be seen stretching away to the Mwfc 
This is precisely the change that is seen to take plaoe with the lunar shadows, except 
tliat the Ume required is a lunar day, equal to about 16 of our days, Instead of one of 
our days of 12 hours. 

241. Some of the lunar mountains are in extensiv^e 
ranges, like our Alps and Andes ; while others are cir- 
cular, like the craters of huge volcanoes. Oreat num- 
bers of the latter may be seen with telescopes of only 
moderate power. Through such an instrument, the moon 
will appear of a yellowish hue, and the circular moun- 
tains like drops of thick oil on i>he surface of water. Two 
extensive ranges, and several of the circular elevations, 
are shown in the last cut. Dr. Scoresby, of Bradford, 
England, who examined the moon through the monster 
telescope of Lord Bosse, says he saw a vast number of 
extinct volcanoes, some of whose craters were several 
miles in breadth. Her general appearance was that of a 
vast ruin of nature. Dr. Herschet supposed he saw the 
light of several ac^e volcanoes upon her surface. 

242. In regard to the existence of an atmosphere 
around the moon, astronomers are divided. From obser- 
vations during eclipses of the .sun, and other phe- 
nomena, it is thought that if the moon has any atmos- 

f)here at all, it must be very limited in extent, and far 
ess dense than that of the earth. Dr. Scoresby saw no 
indications of the existence of water, or of an atmos- 
phere. 

From observations during several oocnltations of stars, the writer is of opinion that 
a refracting medium of some sort exists in the vicinity of the moon. The olmoepAere 
Is doubtless subject to the general law of gravitation. Hence it is most dense at the 
earths surfluie, and grows rare as we taceiacL Inasmuch, therofore, as the general den- 
sity of the atmosphere of any planet Is dependent upon the attracting force of that 
planet, and the moon baa only about ^^d pu^ as much attracting power as the eanli, it 
follows thaf her atmosphere, if she has one, ought to be much less dense than ours. 

243. That no water exists upon the moon's surface, 

241. Form of lanar raoantainB f Number of craters visible ? Appearanoo 
S sarfaoe, as seen by Dr. Scoresby ? Dr. HerschePs supposition f 

S42. Has the moon an atmosphere ? Dr. Scoresby^s statement ? (Remark 
of author ? Why moon^s atmosphere must be comparatively rare t) 

S4& Why thought there ia no water on the moon ? 
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has been inferred from the fact, that it would be con- 
verted into steam or vapor during her long and hot days, 
and also from the fact tliat no clouds are ever seen float- 
ing aix)und her. 

244. Professors Baer and Madler, of Berlin, have con- 
structed a map of the moon, which is characterized by 
Professor Nichol, of Glasgow, as " vastly more accurate 
than any map of the earth we can yet produce," and as 
^^the only authentic and valuable work of the kind in 
existence." 

The fullowing Is a Itst of the principal Inr.v mountains, with their hlght, acoordlnf 
to the recent uieasaretnents uf M. tiler: 



Feel. 

PoAldonius 19,880 

Tycho »),190 

Cali!>pnB 20,390 

Casatufl 22.H10 

Newton 2tf,880 



Mi<ei. I Peet. 

8 76!ciRvla« 19.i«0 

Huygeiis 18,670 

I BlMiicaiins 18,010 

Muvetus 18,440 



8-S8 
8S6 
4-82 
4-52 



Miita. 

8iH) 

8-54 

8-41 

8^ 



245. The apparent position of the moon in the heavens 
is one of the principal means by which mariners ascer- 
tain their longitude at sea. So regular is her motion, 
that her "jpZac^," as viewed from 

any fixed point on the earth, at 1^^ \ c 

any specified time, and with ref- 
erence to the four stars that lie in 
or near her, may be determined 
for months and years to come; 
and, by observing how far she ap-* 
peai^s out of place, either east or 
west, at the time specified, we 
may determine how far we are 
east or west of the place lor 
which her longitude is given in 
the tables. 

Let A In the cot represent Greenwich Obwrva- 
Uirr, near London. B in the moon, and her appa- 
rent place among the distant stars, about 4(iO west of 
the ittar l>. The ship E, having Greenwich time, as 
>Kf>il art her own local time, sails from London west- 
ward : but on observing the moon when, bjr Greenwich time, she ongfat to be at G, she 
U r4»and to be at F, or only about 20^ west of xhe star D. It is therefore obvious that 

244. What celebnited chart mentioned ? How characterized ? (What list 
of iiiouiitaiiu) given \ General hight ?) 

24*7. What uae made of the moon in navi^tionf Explain the prooeifc 
What called t What other method for determining longitude t 




116 ASTROKOMT. 



the tM/p is toMf of Greenwich, as the moon appears w^ of her Greenwtrh place. From 
\lii8 difference between her place hm laiii down in the tables, and her otiser^ i-il'plat-e. «■ 
referred to certain prominent star^. the mariner determined bow far he i^ ea^t or w >t of 
tlie meridian of Oreenwich. The m<Mtn> ireocentric place (or place, as vieweil fnmi tlie 
center of tlie earth r may be glyon instead of her Oreeii wich place, and tiie ftanie eondu* 
sions arrived at In either case, tills is called the VwnMr method of deteriiiiiiiii^ the 
lon^itade. It is also ascertained by siinple comparison of local and standanl time, at 
explained at 151. 

246. The best time for observing the moon with a teUv 
scope is from the change to the first quarter, and froai tlie 
third quarter to the change. Near the first and third 
quarters, the shadows of objects are seen at right angles 
with the line of vision, and to the best advantage ; while 
at full moon, objects cast no shadows visible to us. 



CHAPTER VI. 

BCLIPSES OP THE SUN AND MOON. 

247. An Edipse is a partial or total obscuration or 
darkening of tfe sun or miK>n, by the intervention o\ 
some opake body. Eclipses are either solar or lunar. A 
9ola^* eclipse is an ecli[>se of the sun, and a lutiar edi/fse 
is an eclipse of the nuNin. A solar ellipse is caused by 
the moon, when she jmsses between the earth and the 
sun, in her revolution e:istward, and casts her shadow 
upon the earth. A lunar eclipse takes place when the 
moon is in opposition to the sun, and passes through a 
portion of the earth's shadow. 

Tbe general law of shadows may be illustrated by the following: 





Here the snn and planet are represented m <^the taoM tbe and tbe tbadow of Uie 
latter ia in tbe fimn of a eylinder, 

246. When is the best time for viewinisr the moon with a telescope f Whjr ? 

247. What w an ecUpw t A solar ? Lunar? Cause of solar eclipses ? Of 
lanai t When do lunar edipAM tidiLe place { (Illustrate the laws of ahadvwa 
•y diagram on blackboard.) 
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III tlilMrnt. #&«• n/HiA'^ fwhf It Vie htt^fr^ and tlie Mia<Iow projected from It cf/w/ve^ 
r gruw« iiKirv briniJ nd tlte dbtunci; frwii; tlti* !»Iiiiiel iiicruaia«Nk 





^4i>' 



1Ten» <A# Inmln/nu h^dy U tht targer, and tlie sltadow eonrcrcee to a point, an^l Utkei 
tbe iurm of a ouma 





IT(>re. alffo, th« Inmlnons body Is the lanrer. and tioth preclw^ly of the iianu* rise an la 
th« cut pre(*«Nling; but being placed nearer each utlivr, tlte ithadow b «huwn to be cun- 
niderably dhorter. 

248. All the i)lanet8, Ixitli primaries aii<l secondaries, 
cast HJiaduws in a direction upposiro the sun (see the 
a'lioiniiis^ cu"). The 
torin and len^rrliot the-e v 






/ 



/ 




\ 



f^hadows depend \x\yo\\ 
the comparative magni- 
tude of the sun and 
planet, and their dis- 
tjince from each other. 
\i the sun and a planet 
were «»f the same size, 
the shallow of the 
planet would be in the 
toini of a cylinder^ 
whatever its distance. 
If r ae planet were Larger 
than the sun, the shad- 
ow would diverge^ as 
we proceed from the planet off into space; and the 
nearer the sun, the more divergent the shadow would be. 






/ 



248. What f«iud of tbe ihttdowa of the pIiiiivtM i Of thcir/e»rm and length f 
Bow would it beif Ibt ftiu aod (jWiM wvnittf felio ifuoe mm f Jf tb* plaiMi 
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But as all the« planets are much smaller than the snn, 
their shadows all converge to a point, and take the form 
of a oofie; and the nearw to the sun, the shorter the 
shadow. 

Tbeee prlnciplas are partly illnstntod in the preceding cut The planets nearest the 
ton have oomuanitlyely sh^ shailows, while those more remote extend to a great dis- 
tance. No primary, however, casts a shadow long enough to reach the next exterior 
planet 

249. Eclipses of the sun must always happen at ^€W 
Moon^ and tnose of the moon at FvU Moori. The reason 
of this is, that the moon can never be between us and 
the sun, to eclipse him, except at the time of her change, 
or new moon ; and she can never get into the earth's 
shadow, to be eclipsed herself, except when she is in op- 
position to the sun, and it is llill moon. 

250. If the moon's orbit lav exactly in the plane of 
the ecliptic, she would eclipse the sun at every chwigey 
and be eclipsed herself at every fvU / but as her orbit 
departs from the ecliptic over 5° (216), she may pass 
eitner above or below the sun at the time of her change, 
or above or below the earth's shadow at the time of her 
full. 

mw AND TTTLL MOOm WmtOITr XCLIPSn. 
Shadav atwra tlM Earth. Abova tha EarUi*a ahadaw. 



Bhadav balav tba Earth. Belav tha Earth** ahadaw 

L Let the line Joining the earth snd the snn represent the plane of the edlptlr!. Now 
as the orbit of the moon depert* fWmi this plane abont 9P V^ she majr appear either 
ahote or hdow the sun at new ni<Mit^ att represented in the ii^re, and her shadow may 
h\\ above the north pole or beluw the south. At such times, then, tliere can be no 
solar eclipse. 

8. On the riffht, the moon is shown at her fhll both above and below the eart* 'i 
shadow, In which case there can be nu Innar eclipse. 



waslaiigefttf If brought nearer f How if planets smallest f How affected) 
by' distance f (How, then, with planets nearest the son ? More remote * 
DoeH anv pnmtfy throw itt« hIukIow out to the next exterior planet ?) 

249. At what time of the iiioou do 8olar eclipses always occur? Lunai * 
Why! 

S6(k Why a<oi iw» Miiiimi iwijf hmMr month? (UlMtrrttb) 
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251. Eclipses of the sun always come on from the west, 
and pass over eastward ; while eclipses of the moon como 

on from the east, and pass over 
westward. This is a necessary 
result of the eastward motion 
of the moon in her orbit 

1. In ttie rigbt hsnd cut, fh« moon is seen re- 
Tolving MAtward, throwing ber shadow npon 
the earth, and hiding the western limb of the 
snn. In some instances, however, when the 
eclipse is very slight, it may first appear on the 
nofkhem or sauihem limb of the son — that is, 
Uie nuper or lower side ; bat even then its 
direi^on must be from west to east It will 
also be obvious from this figure, that the thad' 
ow of the moon upon the earth must also trav* 
erse her surfiaoe from west to east; conse- 
quently the eclipse will be visible earlier in the 
west than in the east 

8b On the left, the moon is seen striking into 
the earth^s shadow from the west, and having 
her eastern limb first obscured. By holding 
the book up south of him, the student will see 
at once why the revolution of the moon east- 
ward must cause a solar eclipse to proceed from 
west to east, and a lunar eclipse from east to 
west To locate objects and motions correctly, 
the student should generally imagine himself 
looking to the south, as we are situated north 
of the equinoctial The student should bear U 
mind that nearly all the cuts in the book are 
drawn to represent a view from northern lati- 
tude upon the earth. Hence by holding the 
book up sotUh of hinL, the cuts will generallv 
afford an accurate illustration both of tiie posi- 
tilons and motions of the bodies represented. 

252. Eclipses can never take place, except when the 
moon is near the ecliptic ; or, in other words, at or near 
one 0? her nodes. At all other times, she passes above 
or below the sun, and also above or below the earth's 
shadow. It is not necessary that she should be exactly 
at hei node, in order that an eclipse occur. If she is 
within 17® of her node at the time of her change, she 
will eclipse the sun ; and if within 12° of her node at her 
fail, she will strike into the earth's shadow, and be moi*e 
or less eclipsed. These distances are called, respectively, 
the solar and lunar ecliptic limits. 

251. What is the direotion of a solar eclipse f A lunar? Why this dif 
fererce! 

852. Where must the mooo be, with respect to the ecliptic and her nodes. 
fa) order to an eclipse ? What meant by ecUptlc UmUa f NtunQ the distance 
U Mioh, VBtpeotivBly, from the node, (lliustrato.) 
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Tlitt subject may be andentood by oonsalting the followinf flfura; 

TUK II4M)!( ritANOTNO AT Dtrr BRKH T DTSTAKOM FBOM WMtt VOin 




K 



1. Let the Ine KE rei^eeeDt the ecliptic, and the line OO the plane of the moon's 
ffrbit. The light globes are the son, and the dark ones the moon, which may be iniag- 
ned as mach nearer the student; hence their apparent diameter is the same. 

2. Let the point A represent the node of the moon^s orbit Now if the change occur 
wlien the mmm is at B, she will pass below the sun. If when at C, she will iost t4»u<-h 
bis 1ow<>r limit. At C, she will eclipse him a little, and so on to A ; at which point, if 
the change occurs, the eclipse would be central, and probably total 

8. If the riuton was at G, H, I, or J, in her orbit, when the change occurred, she wuuM 
eclipse the up|>er or northern limb of the sun, according to her distance ft'om her riodu 
at the time ; but if she was at K, she would pass above the sun, and would not eclipse 
him at all The points C and J will represent the Solar SoUpHc Idmita. 

253. All parts of a planet's shadow are not alike dense.* 
The darkest portion is called the umhra^ and the partial 
shadow tixQ penimibra. 

inmiu. iaf» pbkuxbbi. of thb kaxtb and moon. 




penumbra fa from the Latin petie^ almost, and umhra^ a shadow. In this cut, tba 
earth's umbra and penumbra will be readily found by the lettering; while A is the um- 
bra, and B B tiie penumbra, of the muon. The latter is more broad tlian it siiould be, 
owing to tile nearne&» uf tiie sun in the cut. as it never extends to mut'li over half tha 
earth s diameter. The stuttent will see at once that solar eclipses can he total only to 
persons within tlie umbra: while to all on which the penumbra fidis, a portion of the 
•un's disk will be obscured. 

254. The average length of tlie earth's umbra is about 
860,000 miles; and its breadth^ 'dt the distance of the 
moon, is about 6,000 miles, or three times the moon's 
diameter. 

As botii tlie earth and moon revolve in elliptical orbits, both the above estimates are 
subject to variations. The iengtii of tiie eartirs umbra varies hrom 842.217 t«> 871,2(0* 
miles ; and its diameter vhere the moon paoses it, varies from 6,235 to 6,865 miles. 

255. The avei^age length of the moon's umbra is about 
239,000 miles. It varies from 221,148 to 252,638 miles, 



•J63. What is the umhra of the earth or moon ? The jfewumbra t (DeriTA 
tiou ? Within which are ."solar ecliiises total V\ 

254. Tlte ttveragre length of tiie eartli'8 shadow ? Breadth M tht mOQ&> 
4urtSBoe! (Do they vary f W'hy?) - - - ^ . 
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according to tlie moon's distance from the tun. Its 
greatest diiiineter, at the distance of the earth, is 170 
miles; but the penwmhra may cover a space on the 
earth's surface 4,393 miles in diameter. 

256. When the moon but just touches the limb of the 
siin, or the umbra of the earth, it is called an appulse. 
(See D and G, in the first cut on the opposite page.) 

A. partial eclipse is one in which only part of the sun 
or moon is obscured. A solar eclipse is partial to all 
places ontside the umbra ; but withm the lunbra, where 
tiio whole disk ia obscored, the ecUpso is said to be 
total. A central eclipse ia one taking place when the 
moon is exactly at one of her nodes. If lunar, it is 
total, as the earth's umbra ia always broad enough, at 
the moon's distance, if centrally passed, to obscure her 
whole disk. But a solar eclipse may be central and not 
total, as the moon is not always of sufficient apparent 
diameter to cover the whole disk of the sun. In that 
case, the eclipse would be annular (from annvlus, a 
ring), because the moon only hides the center of the sun, 
and leaves ^ bright ring unobscured. 



Si57. It has already been shown (56) that the apparent 
magnitudes of bodies vary as their distances vary ; and 
aa both the earth and moon revolve in elliptical orbits, it 

seS. Average IflO^b of Che moon's nmbral Doositvatyt Wbfl QtchU 
«Bt diameMr at the eirth'a aurtuce ! Ul' putiumbra ) 

8S6. What is an appuiw/ \ partial eJiipae I Alatalt Aemlralf Are 
nil central eciipgeatolui; Whynatt What called then ) Why) 

S£T. Why UB H)m« oeutiel eoUpbea totuJ, tad oiheiB pur *1 and arninlnrl 

6 
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follows that the moon and snojnust both vary in their 
respective apparent magnitudesX Hence some central 
iH^lipses of the sun are total, while others are partial aut! 
annular. 



TOTAL AX9 AKHULAB WBLinm OV IBM fVS. 
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1. At A, the earth Is at her ctphdion^ and the son 'Mng at his most distant point, will 
have liis leati apparent magnitude. At the same time, the mtmn is in periffee^ an«l ap- 
pears larger than osoaL a. tliereibre, she pass eentrallj over the son^s disk, the eclipse 
will he MaL 

8. At B, this order la reversed. The earth is at her p^riAWion., and the moon in 
Ofpogee ; so Uiat the snn ap|>oars larger^ and the moon mmaUer than osnal. It then, a 
eenUvl eclipse occur under these circumstances, the moon will not l>e large enough tc 
eclipse the whole of the sun, hut will leave a ring, apparently around uersell^ nnob- 
Mcored. Such eclipse will be awMUar. 

258. As the solar ecliptic's limits are further from the 
moon's nodes than the lunar, it resultsNthat we have more 
eclipses of the sun than of the moom There may be 
seven in all in one year, viz., five solar and two lunar; 
but the most usual number is four. There can never be 
less than two in a year ; in which case, both must be of 
the sun. Eclipses both of the sun and moon recnr in 
nearly ^he same order, and at the same intervals, at the 
expiration of a cycle of 223 lunations, or 18 years of 365 
days and 15 hours. This cycle is called the Period of 
the Edipaea. At the expiration of this time, the sun 
and the moon's nodes will sustain the same relation to 
each other as at the beginning, and a new cycle oi 
eclipses begins. 

259. In a total eclipse of the sun, the heavens are 
shrouded in darkness, the planets and stars become visi- 
ble, the tempenature declines, the animal tribes become 
agitated, and a general gloom overspreads the landscape. 
Such were the effects of the ^eat eclipse of 1806. In a 
lunar eclipse, the moon begins to lose a portion of her 

858. Which kind of eclipses is most frequent f Why? The j^atest 
number in ftyoar ? How many of each ? Least number, and which ? Usij] - 
number ? What said of the order of eclipses f Time of cycle ? 

S59. Describe the effects of a total edipise of the sou. The prooeaa cf « 
mBareellpaet 
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light and grows dim, as she enters the earth's ]>onnmbra, 
till at length she comes in contact with the uuibra, auj 
the real eclipse begins. 

260. In order to measure and record the extent of 
eclipses, the apparent diameters of the sun and moon 
are divided into twelve equal parts, called digits ; and 
in predicting eclipses, astronomers usually state which 
^limJP^ of the body is to be eclipsed — ^the southern oi 
northern — ^the time of the first contact, of the nearest 
approach of centers, direction, and number of digits 
eclipsed. 




TWm.TB Diom. 




261. The last cmnula/r eclipse visible in the United 
States occurred Oct 19, 1865. The next total eclipse 
of the sun will be August 7, 1869. 

Some of the ancients and all barbarous nations formerly 
regarded eclipses with amazement and fear, as supernatu- 
ralevents, indicating the displeasure of the gods. Colum- 
bus is said to have made a very happy use of this supersti* 
tion. When the inhabitants of St. Domingo refused to 
allow him to anchor, in 1502, or to iurnish him supplies, he 
told them theOreat Spirit was offended at their conduct, 
and was about to punish them. In proof, he said the 
moon would be dai-kened that very mgkt / for he knew 
an eclipse was to occur. The artifice led to a speedy and 
ample supply of his wants. 

262. Eclipses can be calculated with the greatest pre- 
cision, not only for a few years to come, but for centuries 

260. How are edipties mea^ared and recorded ? 

261. When the next annnlar eclipse visible in ^his country* f The next 
total \ How have the ignorant and superbtitioua regarded eclipaes ? Aneo- 
dobe of Colamboa t 
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and ages either past or to come. This fact demonstrates 
the truth of the Copemican theory, and illnsti-ates the 
order and OabUity that everywhere reign throuehout the 
planetarj* regions. ^^^ , j. -/. , ^ 



CHAPTER VII. 



S63. Jdptter is attended by fonr satellites or moona. 
They are easily seen with a commoD spy-glass, appear- 
ing; like small stars near the , 
primary. (See adjoining cnt, 
and note at 178.) By watch* 
ing tliem for a few evenings, 
they will be seen to change 
their places, and to occupy dif- 
ferent positions. At times, 
only one or two may be seen, 
as the others are either betwe^i 
the observer and the planet, or 
l)6yond tlie primary, or eclipsed 
by his sbadow. 

264. Tlie size of these satel- 
lites is abont the same as our 
moon, except the second, which 
is a trifle less. The first is 

about the distance of our moon ; and the others, respect- 
ively, about two, three, and five times as far off. 



ES3. WhAt Bidd of tha oaloulalJoii of eclipeea I What does this d«meli- 
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Their periods of revolution are from 1 day 18 honrs to 
IT days, according to their distances. This rapid mo- 
tion is necessary, in order to counterbalance the power- 
ful centripetal force of the planet, and to keep the satel- 
lites from falling to his surface.X 

The mtgnltadesi distanoea, and pArlods of the mool^ of JLptter are as follows : 

Diaineter in milM. Diatane*. Periotlie iim««i 

iKt 2,500 259^000 1 day 18 hoan» 

M S,068 . ... 414,000 8 ** 12 »* 

3d 8,877 647,iMK) 7 " 14 " 

.4th 2,800 1,104,000 17 •» « 

265. The orbits of Jupiter's moons are all in or near 
the plane of his equator; and as his orbit nearly coin- 
cides with the ecliptic, and his equator with his orbit, it 
follows that, like our own moon, his satellites i*evolve 
near the plane of the ecliptic. On this account, they 
are sometimes between us and the planet, and sometimes 
beyond him, and seem to oscillate, like a pendulum, from 
their greatest elongation on one side to their greatest 
elongation on the other. 

266. Their direction is from west to east, or in the 
direction their primary revolves, both upon his axis and 
in his orbit. From the fact that their elongations east 
and west of Jupiter. are nearly the same at every revolu- 
tion, it is concluded that their orbits are but slightly 
elliptical. They are supposed to revolve on their re- 
B[>ective axes^ like our own satellite, the moon, once 
during every periodic revolution. 

267. As these orbits lie near tlie plane of the ecliptic, 
the}* have, to pass through his broad shadow when in 
opposition to the sun, and be totally eclipsed at every 
revolution. To this there is but one exception. As the 
fourth satellite departs about 3° from the plane of Jupi- 
ter's orbit, and is quite distant, it sometimes passes above 
or bel(jw the shadow, and escapes eclipse. But such 
escapes are not frequent. 

265. Bow are their orbits situated ? How satellites api>ear to move f^ 

266. Direction of »ecoud«riea i Form of orbita I How ascertuioed t 
What fiiotion on axes ? 

267. What said of ecliraes ? Of foarth satellite t Of solar 0eiipsoB upon 
Japiter t Kumber of solar and lanar ? 

11* 
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These moons are not only often eclipsed, bnt they often 
eclipse Jnpiter, by throwing their own dark shadows 
npun his disk. Tliey may be peen like dark round spots 
traversing it from side to side, causing, wherever that 
shadow falls, an eclipse of the sun. Altogether, about 
forty of these eclipses occur in the system of Jupiter 
every month. 

268. The immersions and emersions of Jupiter's moons 
have reference to the phenomena of their being eclipsed. 
Their entrance into the shadow is the immersion / and 
their combing out of it the emersion. 



VOUPUi OV JVPRtBli MOOIHi KMXBSIOKI, WtO, 
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1. The above Is a perpendicular rlew of the orbits of .Tnp1ter*s satellUeA. Uif broau 
•liadow is pnijecteil in a «lirection opiNMite the sun. At C, tlie iitrond satellite in 5utfer- 
ingan inunsntUm. and will ation betittally eclip^«1 ; while at D. the tintt is in the act of 
tmfrsUm. and will stMin ap|iear witli !t8 wonted lirightne:*^. Tlie utlier satellites are 
seen t«> cast their sl-.adows off into spare, and are ready In torn to eclipse tlie sun, or cut off 
a lM»rt1on of liis beams from the lUce of the ]»riinary. ^ 

2. If the earth were at A in the cut. the immerttion^ represented at C. would be In- 
▼isible ; and if at B, the enMrnion at D could not be seen. So, also, if the earth were 
exactly at F. neitiier could l>e seen : as Jupiter and ail his attendaats would be directly 
beyontl the sua, and would be hid fh>ui our view. 

269. Tlie system of Jupiter may be regarded as a 
miniature representation of the solar system, and as fur- 
nishing triumphant evidence of the truth of the Coper 
nican theory. It may also be regarded as a great natu- 
ral clocks keeping absolute time for the whole world ; as 
the immersions and emersions of his satellites furnish a 
uniform standard, and, like a vast chronometer hung up 
in the heavens, enable the mariner to determine his lon- 
gitude upon the trackless deep. 

268. What are the immersioM and emeniotu of J aplter^s moons? (Are 
tlie iDiinent^ioiu and enieroiojiH always visible flrom tne earth? Why not? 
Ulustratc.) 

269. How iliay the system of Jnpiter be refirarded ? What use mar'e of iu 
trnviga ion ? (Illustrate method. Much u^eo ?) 
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Bf lony tad earelhl obaer va tloBS upon these satellifcea, estroiiemers bare been able 
fn omAtTnct ta)tle8y Mmwinjr the exact nme when each Immersion and emersion will take 
{iltice, at Ureenwlch OlMtrvaturyf near Lond<m. Now suppose the tables fixe<l the time 
for tt certain satellite to he ecliu^d at 12 o'clock at Greenwich, but we And it to occar at 
Po'cUick. for ini^tance, by our locid time: this would show that our time was three hours 
behind tlie time at Gn>enwich; or, in other words, that we were three hours, or 46°, 
vMkf of Greenwich. If our dine was aluad of Greenwich time. It would show that we 
n-<'re eaM of tliat merliliaa, totiie amount of 15^ ftnr every hour of variation. But this 
tiietliod of finding the lon^tnde Is less used than the ** lunar method" (Art. 246), on ae- 
connt of the greater difficulty of making the necessary obserrationa. 

270. By observations upon the eclipses of Jupiter's 
moons, as compared with the tables fixing the time of ^ 
their occurrence, it was diseovei^d that light had a pro-* 
gressive motion, at the rate of about 200,000 miles per 
second. 

1. Thl« discovery may be illustrated by again referring to the opposlta cut In th« 
year 167&, it was observed by Koeiuer, a Danish astronomer, that wnen the earth was 
nearest t«i 'fupiter, as at K^ tlte eclipses of his satellites took place 8 minutes 18 seconds 
§0oner than tlie mean tiuie of tlie tables; but when tlie earth was fkrthest ih»m Jupitcc; 
as at F, tlie eclipses took place 8 minutes and 18 iteconds later than the tables predicted 
the entire diflTerence being 16 minutes and 26 seconds. This diffsrence <m time he 
ascribed to the projnessive motion of light, which he concluded required 16 minutes and 
26 seconds to ohms tiie earth's orbit from E to F. 

2. This prusress may be demonstrated as ibilows: — ^16m. 26s. ^ 986s. If the radius d 
the earth's orbit be 86 millions of mile^ the diameter mast be twice that, or 190 mil- 
lions. Divide 190,000.0(10 miles by 966 second^ and we have 192,697? J^ miles as the 
progress of light in each second. At this rate, llsht would pass nearly eight times 
around tiie globe at every tick of the clock, or nearly 500 times every minute 1 

t- ■" '^ ' ' ■• ' y .<.:■-'' 
SATURN. 

271. The moons of Saturn are eight in number, and 
are seen only with telescopes of considerable power. 
The best time for observ- 

ing tiiem is when the 
planet is at his equinoxes, 
and his rings are nearly 
invisible. 

In January. 1S49, tlie anthor saw five 
«f these satellitea. as represented in the aiflelnlng eat The rings appealed only as a 
line of liglit, extemling each way from the planet and the satellites wera in the direction 
•f the line, at different distancea, as here represented. 

272. These satellites all revolve eastward with the 
rings of the planet, in orbits nearly circular, and, with 
the exception of the eighth, in the plane of the rings. 
Their mean distances, respectively, from the planefs cen- 

270. What discoven' by observing these eclipses f (IHustrate method. 
J)ia(n^nfu DemonKtnition.) 

271. Number of S.-4turn^s moons ? How seen f Best time f 

272. How revolve? Shape of orbits? How situated! IXistanoe^f 
Periods t 
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icr are from 123,000 to 2,366,000 miles ; and th^ir pc? 
riods from 22 hours to 79 days, according to their dis- 
tances. 

The dtstanees and periods of the satellites of Satarn are as fbllows: ' 

DIstanM ia mll«k Pariodle tlm*. Dtotaoee in mll«i Feriodfr thncu 



1st 118,000 day 82| bonra. 

2d. 1S2,000 1 »* » •• 

8d. 188,000 1 ** 21 ** 

4th. 940,000 2 "IT •* 



0th 886.000 4 davs 12 hoara. 

6th T78,m)0 15 *» *2ir - 

7th 940,000 22 •* *? 

8th.... 2,268,000 79 u ■ j » 



OOUrABATITX DUTANCV OF THS MOOM8 OF BATUKS, 

ias4 f 






273. The sixth of these satellites is the largest, sup- 
posed to be about the size of Mercury; an3 tlie rearain- 
der grow smaller as they, are nearer the primary. They 
are seldom eclipsed, on account of the great iiiclijiation 
of their orbits to the ecliptic, except twice in rinrtiy yetirs, 
when the rings are edgewise toward the sun. The eighth 
satellite, which has been studied more tlian all 'the rest, 
is known to revolve once U})on its axis during evei-y 
periodic revolution ; from which it is inferred that they 
all revolve on their respective axes in the same manner. 



■TBTKM OF BATUBN-— MO SCUPSEa. 




1. Let the line A B represent tl>e 
plane of the planet's orbit, C I) liis 

axis, and FF the plane uf his rin$;s. A, 

The satellites being in the plane of the 
rings, will revolve around the shudow 
of the primary, instead of passing 
through it, and being eclipsed. 

2. At the time of bis equinoxes, how* i 
ever, when the rings are turned toward " 
the sun (see A and £, cut, page 92), 
they most be in the center of the shad* 
ow on the opposite side; and the 

moons, revolving in the plane of the rings, must pass .through the -shadow at every 
revolution.. The eighth, ho we vec may sometimes escape, on account of bis departurs 
flrum the plane of the rings, as shown in the cut. 

URANUS. 

274. Uranus is supposed to be attended by six secon- 
daries. Sir Wm. Eferschel .recorded that he saw this 
number, and computed their periods and distances; and 
on his authority the opinion is generally received, though 

273. Size? Eclipses of ? When? Why not oftener ? (Ulustrate.) 

274. Satellites ot Uraiius ? Upon what authority ? Distances ? Periocls I 
Situation of orbita! Form? Direction in revolution I Kemark of Dr. 
HerttcheU 
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no other observer has ever been able lo discover mor*» 
than thi^e. They are situated at various distances, and 
revolve in from 1 day and 21 hours to 117 days. Their 
orbits are nearly perpendicular to the ecliptic, and they 
revolve hachjoara^ or from east to west, contrary to all 
the other motions of our planetary system. Their or- 
bits are nearly, circular, and they are described by Dr. 
Herschel as " the rao^t difficult objects to obtain a sight 
of, of any in our system." 

The distanoes and periods of the ^stein of Unmitt, m laid down by Dr. Hersobel, are 
•B follows : 



Distance in milei. Periodic time*. 

l8t 224,000 Iday 21 hoars. 

Sd 296,000 8 ** l7 ** 

8d 840,000........ 10 « 88 "* 



Diitane* in mllf a. Periodic time*. 

4th 890.000 18 days 11 hoars. 

5tb .777,000 88 *♦ 2 »* 

6th.... 1,550,000 117 •* 17 « 



NEPTUNE. 

275. Neptune is known to be attended by one satel- 
lite, and suspected of having two. Professor Bond, of 
Cambridge, Mass., states that he has at times been quite 
confident of seeing a second. The mean distance of the 
known satellite from its primary is 236^000 miles, or near 
the distance of our moon. Its period is only 5 days and 
21 hours. 

We have here another fllostratlon of the great law of planetary motion explained at 
74 So great is the attraetlye power of Neptune, that to kf^p a satellite, at the distance 
of onr moon, from lUIine to his sarikoe, it mast revolve some five times as swiftly as she 
revolves aroand the earu. The centripetal and centriftigal forces mast be balanced in 
all cases, as the laws of gravitation and planetary motion, discovered by Newton and 
Kepler, extend to and prevail among all the seoondariefli 
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CHAPTER VIII. 

NATURE AND CAUSE OF TIDES. 

276. Ttoes are the alternate rising and falling of the 
waters of the ocean, at regular intervals. Flood tide is 
when the waters are ruing; and ehb tide, when they are 

275. What said of Neptune'a Becondaries ? Remark of Prof. Bond ? Di*- 
tanoe and period of the Known aatellite f (Remark in note.) 

276. What are tides t Fl<K>d and ebb tidea ? Hij^h and low f How cfUn 
do they ehb Ana flowf 

6» 



ISO ASTRONOMY. 



faUing. The highest and lowest points to which they 
go are called, respectively, high and low tides. The 
tides ebb and flow twice every twenty-four hours — i. e.j 
we have two flood and two ebb tides in that time. 

277. The tides are not nnifurin, either as to time or 
amount. Tliey occur about 60 minutes later every day 
(as we shall explain hereafter), and sometimes rise much 
higher and sink much lower than the average. These 
extraordinary high and low tides are called, respectively, 
spring and neap tides. 

278. The cause of the tides is the attraction of the sun 
and moon upon the waters of the oceaii. But for this 
foreign influence, as we may call it, the waters having 
found their proper level, would cease to heave and swell^ 
as they now do, from ocean to ocean, and 
would remain calm and undisturbed, save 
by its own inhabitants and the winds of 
heaven, from age to age. 

In this figure, the earth Is represented as surrounded by water, In • 
•tute of rest or equilibrium, as it would be were it not acted upon bj 
the sun and moon. 

279. To most minds, it would seem that the natural 
eifect of the moon's attraction would be to produce a 
single tide-wave on the side of the earth toward the 
moon. It is easy, therefore, for students to conceive how 
the moon can produce one flood and one ebb ^^ .^^„ ^ 




tide in twenty-four hours. 



€ 




1. In this cut, the moon is shown at • distance, above the earth, 
and attracting the waters of the ocean, so as to produce a high tide 
at A. But as the moon makes her apparent westward revolution 
around the earth but once a dav, the simple raising of a flood tide 
on the side of the earth toward we moon, would give us but one flood 
and one ebb tide in twenty-four hours ; whereas it is known that we 
have two of each. 

2. ** The tides,"* says Dr. Herschel, '* are a subject on whicn many 
persons find h strange difllculty of conception. That the mo4>n. by her 
attraction, siioiild heap np the waters of the ocean under her, seems 
to many fiersons very natural That the same cause should, at the 
fame time. Iiesf* them up on the opposite side of the earth (viz., at B in the flgureX seema 
to many palpably absurd. Yet nothing Is more true.^ 

2S0. Instead of a single tide-wave upon the waters of 

« . . 

277. Are tlic tides uniform? M^ hat variation of time? As to amount! 
What are tliese extraordinarv high and low tides called ? 

278. The cause of tides ? llow but for this influence ? 

279. What most obvioud effect of the moon'i attraetion t (SalMtaaot of 
Aoto 1 1 Bemark of Dr. Hersahel I) 
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the globe, directly under the moon, it is found that on 
the side of the earth directly opposite there is another 
hidi tide ; and that half way between these two high 
tides are two low tides. These four tides, ^^ nDm-wArm, 
viz., two high and two low, traverse the ^>. 

ocean from east to west every day, which ^^ 

accounts for both a flood and an ebb tide 
every twelve hours. 

In this eat, w« hAT« ft reprenentfttlon of th« ti<!e>w»TM as thmr 
tetuallv exist except that their hight, as compared with the maffni* 
tude or the earth, is vastly too great It is designedly exaggerated, 
the better to illustrate the principle ander consideration. While 
the Ddoon at A attracts the waters of the ocean, and prodnces a hish 
tide at £s we see another liigh tide at G on the opposite side of the 
globe. At the same tinie it is low tide at D and ik 

281. The principal cause of the tide-wave on the side 
of the earth opposite the moon is the diferenoe of the 
moon's attraction on different sides of the earth. 

If the student well understands the subject of sravltatfon ((S5), he will easily peroolTa 
bow a difference of attraction, as abore described, woald tend to prodaoe an elongation 
of the huge drop of water called the earth. The diameter of the earth smonnts to aboat 

^'^th of the moon's distance ; so that by the rale (69), the difference in her attraction 

on the side of the earth toward her, and the opposite side, would be about y^th. The 

attraotion being stronger at B (in the last cut) than at the earth's center, and stronger at 
her cent^ than at C, would tend to a^Mtrate these three portions of the globe, giving 
fchd waters an elongated form, and prodncing two opposite tide-waves, as ^own In tb« 
cnt 

282. A secondary cause of the tide-wave on the side 
of the earth opposite the moon, is the revolution of the 
earth around the common center of gravity between the 
earth and moon, thereby generating an increased centri- 
fugal force on that side ot the earth. 

The center of gravity between the earth and moon is the point where thej woald 
exactlj balance each other, If connected by a rod, and poised upon a Ailcrum. 

OBHTXB or OSAVITT BXTWSCir VHS BJUITH AHD MOOV. 

Mo«io 

/////IDm' I • • 



rhis point which, according to Fergoson, Is about (K,000 miles from the earth's center 
Is represented at A In the above, and also In the next cut 

280. How many tide-waves are there on the globe, and bow sitaated f 
881. State the principal cause of Uie wave opposite the moon ? (Demon* 

pirate bv diagram.) 
282. What other canse operates witb the one jnst stated to produce the 

tide-wave opposite the moon ? (What is the center of ^rravity between the 

earth and the moon I Where in it situated I Uiuatrate the operation of tiiiii 

Meondaiy eanae. Diagram.) 
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TXDK-WATXS BfCHIirD THX MOOR. 
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1. Tlie point A wpresentsthe center of gravity between the ear h .vd moon ; and m 
is this point wliich traces the regular curve of tlie earth s orbit, ' *j r«*t)re.'ente»i in 

the arc of that orbit, whiie the earth's center is 6,000 miles one side jf 1'. Now the law 
of gravitation requires tiiat while hoth the moon and earth revolve i\oapd the sun, they 
should alfio revolve around the common center of gravity between iheiii. or around the 
point A. This woukl give the earth a third revoltttion^ in addition to th-tt around the 
sun and on her axis. The small circles show her path around the center of gravity, 
and the arrows her direction. 

2. This motion of the earth would slightly increase the centriftagal tendency at B| 
and thus help to raise the tide-wave opposite the moon. But as this -tnotion is slow, 
corresponding with the revolution of tiie moon around the earth, the centriAigal force 
could not be greatly augmented by such a cause. 

283. As the moon, which is the principal cause of the 
tides, is revolving eastward, and comes to the meridian 
later and later every night, so the tides are about 60 
minutes later each successive day. This makes the in- 
terval between two successive high tides 12 hours aid 25 
minutes. Besides this daily lagging 
with the moon, the highest point 
of the tide-wave is found to be 
about 45° behind or east of the 
moon, so that high tide does not 
occur till about three hours after 
the moon has crossed the merid- 
ian. The waters do not at once 
yield to the impulse of the moon's 
attraction, but continue to rise 
after she* has passed over. 

In the cut, the' moon is on the meridian, but the highest point of the wave Is at A, ot 
45^ east of the meridian ; and the corresponding wave on the opposite side at B If 
equally behind. • 

284. The time and character of the tides are also 
aifected by winds, and by the situation of different places. 
Strong winds may either retard or hasten the tides, or 
may increase or diminish their hight ; and if a place is 
situated on a large bay, with but a narrow opening into 
the sea, the tide will be longer in rising, as the bay has 

288. What daily lagging of the tides? Interval between two siiccessivA 
high tides ? What other lagging ? Cause of this last ? 
SSi. What modifioation of the time and character of the tidoaf 
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to fill up through a narrow gate. Hence it is not usually 
high tide at New York till eight or nine hours after the 
moon has passed the meridian. 

285. As both the sun and moon are concerned in the 
production of tides, and yet are constantly changing 
their positions with respect to the earth and to each 
other, it follows that they sometimes act against each 
oth^er^ and measurably neutralize each other's influence ; 
while at other times they comhme their forces, and mutu- 
ally assist each other. In the latter case, an unusually 
high tide occurs, called the Spring Tide. This happens 
both Bt new and full moon. 



OAUBI or IFSIirG TTOl 





1. Here tV.e snn vxxH. moon, being in eonjnnctlon, nnlte their forces to prodnce an p\* 
traordiiiary tide. The same effect follows when tliey are in opposition ; so tliat wd liavo 
two si)ring tides ^very month — ^namely, at new and flill moon. 

2. If tlie tide-waves at A and B are one-tbird liigtier at tlie moon^s quadrature than 
Qsoal, those of C and D wiil be one-third lower than usuaL 

286. Although the sun attracts the earth much more 
powerfully, as a whole, than the moon does, still the 
moon contributes more than the sun to the production 
of tides. Their relative influence is as one to three. 
The nearness of the moon makes the difference of her 
attraction on different sides of the earth much greater 
than the difference of the sun's attraction on different 
sides. 

It must not be forgotten that the tides are the result not so much of the attraction of 
the sun and moon, as a vohoUt as of tiie dUferenoe in tlieir attraction on different sides 

285. Do the san and moon always act together in attractin^r the water? ? 
Why not I How affect eticli other's influence ? Effect on the tides ? Wliat 
are Spring Tides f When do they occur i (Illustrate by diagram the cause 
of spring tide, when the sun and moon are in conjunction.) 

286. Compurative influence of sun and moon in the production of tides f 
Why moon'a influeaoe the greatest ? (S ubstance of note I Domonstrution.) 

12 
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•f th« «arth, canMd by a dlflTerence tn the dtttianeea of the seven} pftrts. The attmo* 
if on being inversely, as the square of the distance (69 ), the inflaence of th<> sun and 
moon, respectively, must be in the ratio of the earth's diameter to their distances. Nov 

the difference in the distance of two sides of the earth fh>m the moon is j^l, th ot tho 

moon's distance; as 840,000 -$-8,000 = 80; while the difference, as compared with tho 

distance of the Boa, is only jj\ ^^th, as 95,000,000 -{- 8,000 = 11,87Sl 

287. When the moon is in quadratfwre^ and her infln- 
ence is partly neutralized by the sun, which now acts 
a^inst her, the result is a very low tide, called Neap 

*'^*^* tPSDrO AND K«AP TIDB. 

The whole philosophy of spring 
and neap tides may be illuatrated by 
the annexed diagram. 

1. On the right side of the cut, the 
■on and moon are in conAtmcHon^ 
and unite to produce a spring tide. 

2. At the first quarter, their at- 
traction acts at right angles, and* the 
sun. instead of contributing to the 
lunar tide-waves, detracts from it to 
the amount of his own attractive 
force. The tendency to form i^tide 
of his own, as repref*entcd in the 
figure, redur^^ the moon'S wave to 
Uie amount of une-third. 

8. At the hill moon, she is in oppo- 
Hiion to the sun, and tlieir joint at- 
traction acting again in tlie same 
line, tends to elongsite the fluid por- 
tion ot tlie earth, and a second spring 
tide is produced. 

4. Finally, at the third quarter, 
the sun and moon act ctgainat each 

other again, and tlie second neap tide is the result Thus we have two spring and two 
neap tides during every lunation — the former at the moon's syzygies, and the latter at 'uer 
quadraturea. 

288. The tides are subject to another periodic varia- 
tion, caused by the declination of the sun and moon 
north and south of the equator. As tidu ArFKcnm bt vwxjka* 
the tendency of the tide-wave is to 
rise directly under the sun and 
moon, when they are in the south, 
as in winter, or in the north, as in 
summer, every alternate tide is 

lier than the intermediate one. 
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At the time of the equinoxes, the sun being over the 
•qnator, and tiie moon within Si^of it, the crest of the ' 
great tide-wave will be on tlie equator ; but as tlie sun 
and moon dei-line M>uth to A, one tide>wave forms in 
the suuth, as at B, ami the opixtsite one in the north, as at GL If the declination wna 
liorViy as shown at D, the order ot the tides would be reversed. The following diagram, 

287. What vxQ Neap Tides f Their cause? (Illustrate entire philosophy 
by diuirrutn.) 

■S8.~Whut other periodic voriatious meutioncd? (Explain cause, iwo 
Illustrate. > 
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if cweftilTy stndled, will more ftilly tllustrate the subject of the alternate high and low 
tides, in high latitudes, in winter and snuuuer: 



ALTSRNATK HIOH AND LOW TIDB8. 




1. Let the line A A represent the plane of the ^effpfic and B B the t^qtUnocHtK On 
the2lBt of Jane, the day tlde-wuve is nortli, hikI the evening wave soutli, 80 that th^ 
tl<ie following about three hours after the sun and in<Min will be iiigher than the inter- 
mediate one at So^clock in the morning. 

2. On the 28d of December, the sun and moon being over tlie southern tropic, the 
highest wave in the southern hemisptiere will lie alHiiit ^ o'olock V. M., and tlic U.^weat 
about 8 o'clock A. M. ; while at the north, this order will be reverse<l. It \a on this ao* 
oount that In high latitudes every alternate title it* Mi^lier than the intermediate ones ; 
the evening tides in summer exceeding the morning lidos, and the morning tides iu win- 
ter exceeding those of evening. 

289. All spring and neap tides are not alike as to their 
elevation and depression. As the distances of the sun 
and moon are varied, so are the tides varied, especially 
by the variations of the moon. 

TAUATIOin IN TBC SPRCTO TIDB. 






1. At A, the earth Is in aphdioni and the moon In apogee. As both the sun and moon 
•re at their' greatest distances, the earth is least affected by their attraction, and the spring 
tides are proportionately low. 

8. At B, the earth is in perihsUon^ and the moon in perigee ^ so that both the sun and 
moon exert their greatest influence upon our globe, and the spring tides are highest, as 
shown in the figure. In both cases, the sun and moon are in coi\junction, but the varia- 
tion in the dieUtneea of the sun and moon causes variations in the spring tides. 

290. In the open ocean, etspecially the Pacific, the tide 
rises and falls but a few feet ; but when pressed into nar- 
row bays or channels, it rises much higher than under 
ordinary circumstances. 



289 Are all spring and neap tides alike ? By what are they modified t 
(Ulnstrateby dia^rram.) 

2tf0. Hight of tides in open seas ? How in narrow bays and channels ! 
fHight at oiffersnt points on our ooasti) 
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TMarcneD«l« Atonof th«tide«tMT«i«ipotott<Mi<Ni' *.«"^tsMft>now8: 

CumherUnd, li«ttd of the Bajr uf Fandjr 71 fcct. 

Uiwton llj ** 

New lUren 8 •• 

Nrw York 5 •• 

C»»vle«on,aa 6 •• 

• 

291. As the great tide-waves pn>cced from east to 
west, they are arrested by the continents, so that the 
waters are permanently hiVlieron their east than on their 
west sides. The Gulf of Mexico is. 20 feet higher than 
the Pacific Ocean, on the other side of the Isthmus ; and 
the Red Sea is 30 feet higher than the Mediterranean. 
Inland seas and lakes have no perceptible tides, because 
they are too small, compared with the whole surface of 
the globe, to be sensibly afiected by the attraction of the 
6UD and moon. 

We have thus stated the principal facts connected with 
this complicated phenomenon, and the causes to which 
they are generally attributed. And yet it is not certain 
that the philosophy of tides is to this day fully under- 
stood, ia Pldce^ the great French mathematician and 
astronomer, pronounced it pne of the most difficult prob- 
lems in the whole range of celestial mechanics. It is 
probable that the atmosphere of our globe has its tides, 
as well as the waters ; but we have no means, as yet, for 
definitely ascertaining the fact. 
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CHAPTER IX. 

OF C0MKT8. 



292. Comets are a singular class of bodies, belonging 
to the solar system, distinguished for their long trains of 
light, their various shapes, and the great eeceitricity ot 
their orbits. Their name is from the Greek awia, which 

291. Direction of tide-waven ? What result ? Instances cited » Have in- 
lanil seM and lakes any tidei* \ Wliv not ? Remarks renpectintr pliilotfophy 
of tide» ? Of La Place ? Atiiirwph'cric tided ? r -r> r 

292. What are coineti ? Derivation of name ? Are t]*ey opake or sdf- 
raminooa ? 
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Bi^ifiea heard or hair, on account of their bearde<1 or 
'lairy appearance. Tliey are known to be opake, I'roni 
the fact that they Bomritimee exhibit phases, whith bhow 
tliiit tliey ehiiie only by retlection. 

293. Comets usnally consist of three parts — the nn- 
eleiis, the envelope, and the tail. The nucleus ia wliat 
may be called the hody or head of the comet. The 
etivehpe is the nebulous or bairy covering that sni- 
roinids the nucleus ; and okit «™«t or bti bitom 
the tail is the expan- 
sion or elongation ot the 
envelope. But all comets 
have not these parts. 
Some have no percept- 
ible nucleus; their entire 
structure being like that 
of a thin vapory cloud 
passing throngb the dis- 
tant neavens. Others 
have but aslight envelope 
arouud a stroLgly marked 
11 ucleiis. 



S94. The tails of comets usually lie in a direction 
oppotite to the sum, so that from perihelion to aphelion 
tliey precede their nuclei or heads ; or, in other words, 
comets seem, after having passed their perihelion, to iack 
out of the eolar system. Their tails are usually curved 
more or less, being concave toward the region from 
whence they come. Tliis is well shown in the comets ol 
1811, 1848, and in the following cut. That of 1689 is 
said to ha^e been curved like a Turkish sabre. The 
cause of this curvature of the tails of comets is supposed 
to be a very rare ethereal substance which pervades 
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apace, and offers a alight resistance to their progress. Of 
course it tnnnt be aTmost infinitely attenuated, as tlie 
comets themselves are a mere vapor, which could muk>; 
no progress through the spaces of the heavens, were tlicy 
not very nearly a vacuum. . They could no more pass st 
niedium aa dense as our atmosphere, than an ordinary 
cloud could pass through the waters of the sea. 

295. The form of the coraeta' orbits is generally tliat 
of an ellipse greatly fattened or elongated. The sun 
being near one end of the ellipse, and the planets com- 
paratively in his immediate neighborhood, the comets 
are in the vicinity of the sun and planets but a short 
time, and then hasten outward again beyond the limits of 
human vision, with the aid of the best teleecopee, Xu be 
gone again for centuries. 



296. The taUa of comets do not continue of the same 
uniform le>i0h. They increase both ia length and 
breadth as they approach the sun, and oontract as they 
recede from him', ufitil they often nearly disappear before 
the comet gets out of sight. Instances have occurred in 
which tails of comets have been suddenly es^tmded or 
elongated to a great distance. This is said to have been 
the case with the great comet of 1811. 

S95. Form of Che orMi of oomets t What oear tha aarth bat llU]o of Jia 
a. and expulsion of the tails of ooitiiIb 
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297. Comets have been known to exhibit aever<d taiU 
at the same time. That of 1744, represented in the cut, 
bad no less than six tails 

spread out in the heavens, *""" ^ "**" 

like an enormous fan. The 
comet of 1823 is said to have 
had two tails, one of which 
extended toward the snn. 

ThccninMaf IIM. npRHnled In Uitomt. 

hX-ltdl n<> train til" within tha'<tiKUDC« nT tha 
srl.il of Uin from lh> enn: bat tu]j In 
Until It ■MKand wlih ■ ull dliMsd Imu six 
bnuidim, iJl dlvnclni, but cdt^hI In lli« 
■imi •llniotlan. KMhbftlMHUIUKHalwiic 
4°iinile.>n[lftoDiS»°to44°ln Imnli. Tha 
rOrm ware bilfihl ud iIhIiIh]. t£e mliMla 

IbiB to the dlspliF of this remu-iliblii bodv. 
tha ftcana wu slrfklng uid mignlflDant, al' 
Bunt bfljaad duactipLlan. 

298. The heads or nuclei of comets are compa/ratmely 
tmtdl. The following table shows the estimated diam- 
eter in five different instances : 

The comet of 1778 . diameter of head 33 miles. 
» 1805 . " " 36 " 



1807 
1811 



hat pecahn 
alUilat C 
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Afany comets have Bimptj the envelope, vdtliout amy tail 

or elongation. Such wei'e those that appeared in 1585 

and 1763, the former of which ia .._ 

represented in the anjummg cut. 

Cassini describes the comet of 

1682 as being as round and as 

hrighi as Jupiter, -without even an 

envelope. But these are very rare 

exceptions to the general cuarac- 

ter of cometary bodies. 

299. The taHa of comets are 
ofteil of enormous length and 
magnitude. That of 371 before 

Christ was 60° long, covering one-third of the visible 
heavens. In 1618, a comet appeared, which was 104" 
in length. Its tail had not all risen when ita head 
reached the middle of the heavens. That of 1680 had 
a tail 70° long; so that though its head set soon after 
Rundown, its tail continued visible all night. 



fb«; wUl b« Btamsuriuil oolr bj thartaiwl 



.. tS.O<M,«K 



,..ia9.MW,(»0 

...aofUMfm 



lit I WbM said of th« 

299^ Wh»t of the size .if Uio (««• of comets! ThRt of 871 B. fi.I Of 

A. D. 16181 OfiaaOt (Whnt BM " 

longth of Horoe otbuts In miles.; 



A.D.161SI OflSSOt (Whnt gperauiea ID oat, anJ its length I SUte tlw 
i..,_.t. -t -* — -.u. _ i_ mile*.; 
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son. Tlie vflocitif witli wliich comets often move ia 
trnly wonderful, Tlieir motions aic accdenited n^ rJiey 
aitpmiicli, and retarded as tliey reeude Imni tho eim ; so 
tliat tlieir velocity is gi'eiit«&t while parsing their peri- 
helione. Tlie comet of 1473 descnlicd aii arc of tliu 
lieavens of 320" in extent in a single day! Tliat of 
IfiSO moved, wlien near its perihelion, at the rate ol 
1,000,000 milefl per liour. 

301. Tlie temperature of some cometp, when nearest 
the Sim, mnat he very great. Tliat of IfiSO came within 
130,000 miles of the snn's snrface, and m'nst have re- 
ceived 2S,000 times tho light and tieat wliich the earth 
receives fi-om the snn — a heat more than 2,000 times 
as great as that of red-liot intn ! AVhat suhstance can 
a comet he comjwiecd of to cndnic llie extremes of heat 
and colli to which it is subject J Some havesuji^Hfeed 
tliat their tails were caused liy tlie snn's huht and heat 
rarefyititr and driving back the vapory suustaiice com- 
posing the envelope. 1 

302. TItepmwfeof butfewcometaareknowD. Tli^of 
1818, called Encke's Co- 
rn ft, 1.08 a |>eriod of onl y '"" ' "''""'■ 

3^ year.-*. Bh-hCa Comet 
has a period of tJJ years. 
Thatof 18^2 (then lirst 
noticed uitli care, and 
identiiied as tlie saino 
that had appCid^d in 
14.-)ij, 1531, ami 1C07) 
has a perio<l oi about 7B 
years. It is called Hal- 
ley's Comet, alter Dr. 
Ilalley, who determined 
its periodic time. The 

great cortiet of IflSO has a periodic time of 570 years, 
80 thai its next return to our system will be in the year 

100. Veloeitv of comofci ! Uniform or not ! Cometofl4T2l Of 16801' 
till. TemptratHnt Comet of IHSOr Snppn^d cause of their tsilat 
RiKi. rerioJst EuokoV* KelaVr Ilallov'iil That of 1880! SuppOMd 
ptrUida of Ot) enf . Upiniooa ^ mC Niabol and Dr. itenoliel t 
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2250. Many are euppoecd to have periods of thousands 
of yeara ; aud some liave their orbite so moditied by the 
attraction of the planets, as to pass oS in parabolic curves, 
to return to our system no more. 

ProC Nkhol (a of opinion Uut the fnwternambeTTlitlanriTitaDi bat once, mill [hsn 
flj off" In nenrly atral^lit Unea till thej pan Iho CflnLor of HttncOoB bolwasn Ihe snl^ir 
avALeni iin<l iJm Dxpil stATA. ami fo ti> rvvoke nmond oUier nna ia the ^dlBlut bnv* 

303. The distant^ea to whicli those comets that retnm 
must go, to be bo Ions; absent, must be very great. Stilt 
their Doands are set by tbe great law of gravitation, for 
were they to pass the point " where gravitation turns the 
other way," they would never return. But some, at 
least, do return, after their " long travel of a thousand 
years." What a sublime conception this affords us of 
the almost infinite 6[>ace between the solar system and 
the fixed stars. 



304. The perihelion distances of the various comets 
that have appeared, and p'hose elements have been esti- 
mated by astronomers, are also exceedingly variable. 
While some pass very near the sun, others are at an im- 
mense distance from him, even at their perihelion. Of 
137 that have been particularly noticed, 

30 passed between the snn and the orbit of Mercury. 

44 between the orbits of Mercury and Venus. 

34 " " Venus and the earth. 

23 " " the eartli and Mars. 

6 " " Mare and Jupiter. 

808. DitUmea to which they gai Romurk rospootina the law of gnvl 
rfUon I WliHi ppccimeii of orbit trivcii I 
. SOL WbatiiudDf prifMundUtAnoeat How mwir notiaedt WhwetlM 
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ft i ortit of Eneke*8 comet Is wholly whhln the orbit of Jnplter, whilfl that of 
BtolA'8 extends bat a short distance bevond IL The aphelion distance of llaiiey s uuiuut 
b 8,4ilO millions of miles, or S&U millions 

of miles beyond the orbit of Neptune. orbits of kkvkral comkts. 

But these are all comets of short periods. 



^..^ 







':^9s 



305. The number of 
comets belonging to, or "^..^ 
that visit the solar system, / cncve's"^ . 
is very great. Some have /IftAiLEVsTfy.. ... •••• •"^^ 
estimated them at several 
millions. When we con- 
sider that most comets are 
seen only through tele- 
scopes — ^an insti'ument of 

comparative! V modern \ ^/^ ^1?<^. / j 

date — and that, notwith- ^.•"C.il '^-^a 

standing this, some 440 
are mentioned in ancient 
annals and chronicles, as having been seen with the 
naked eye, it is probable that the above opinion is by no 
means extravagant. It is supposed that not less than 650 
have been seen at different times since the birth of 
Christ. The paths of only about 140 have been deter- 
mined. 

Tlie extreme difflcmlty of ooserving comets wnose nearest point Is bevond the orbit 
of Mars, is suprx«ed to account for the comparatively small naml)er that liave been^oen 
without that limit; and the proximate uniformity of the distribution of their orbits 
over the space included within the orbit of Mars, seems to Justify the concIuHon, that 
though seldom detected beyond bis path, they are nevertheless equally dbtribtited 
through all the spaces of the solar heavens. Beasoning upon this hyjwthesis. Professoi 
Ar^go concludes that there are probably tmaen mUUonM of comets that b«>loug to 01 
Ttoit the solar system. 

306. The directiona of comets are as variable as their 
forms or magnitudes. They enter the solar system from 
all points of the heavens. Some seem to come up from 
the immeasurable depths below the ecliptic, and, having 
doubled " heayen's mighty cape," a£:ain plunge down- 
ward with their fiery trains, and are lost for ages in the 
ethereal void. Others appear to come down from the 
zenith of the universe, and, having passed their peri- 

they pass f (What samples criven in cat % Where does the orbit of £ncko*tt 
oometlief OfBiela's? Of'Halle/s?) 

805. The number of comets? What estimate? Why probably correct* 
flow many sapposed to have been seen since tlie birth of Christ ? ( Why so 
ft w seen ? Uow supposed to be distributed ? What condusiua of Arugo?) 

800. DiraotMin of oometo t (Bemiirk of late writer!) 
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helion, reascend far above all human vision. Others 
a^ain are dashing through the solar system, in all possible 
directions, apparently without any prescribed path, or any 
guide to direct them in their eccentric wanderings. In- 
stead of revolving uniformly from east to west, Tike the 
planets, their motions are direct, retrograde, and in every 

- conceivable direction. 

It is remarked by a late writer, tliat the average inMnations of all the planee in 
which the comets now on record have been found to move, is about 90^ This he re- 
gards as a wonderful instance of the goodness of Providence, in causing their motions 
to be performed in a manner least likeij to come in contact with the earu and the other 
planets. 

307. Of the physical nature of comets, little is known. 
That they are, in general, very light and vapory bodies, 
is evident from the fact that stars have sometimes been 
seen even through their densest portions, and are gene- 
rally visible through their tails, and from the little attrac- 
tive influence they exert upon the planets in causing 
oerturbations. While Jupiter and Saturn often retard 

. and delay comets for months in their periodic revolutions, 
comets have not power, in turn, to Iiasten the time of the 
planets for a single hour ; showing conclusively that the 
i^elative masses of the comets and planets are almost in- 
finitely disproportionate. 

Such is the extreme lightness or tenultv of cometaiy bodies, that in all probability 
the entire, mass of the Inrgest of tlieni, if condensed to a H)Iitl subtitance. wou d n«»t 
Amoiuit to more than a few liundred ]NMinda. 8ir 1>h»c Newton ^sa of f>|tinion, tlint If 
the tail of the largest e>*niet wa^ compressed wltliin the si>:u'e of a cubic iiirii, it would 
not then be hs denize »i Hriiiu.>'|*l)eric air! Tlie comet of 1770 got ent^ngle<I. by attrac- 
tion, anion!; tlie moons of .Iiiiiiter, on it5 WHy to tlie Min. and remuined near iheiii for 
Ifoui' mont'm: yet it did not sensibly atfect Jupiter or his moons. In thb way the 
Oi'hiU: ot comets are oltcn entirely citanged. 

308. Comets were formerly regarded as harbingers of 
famine, |)esti!ence, war, and other dire calamities. In 
one or two instances, they have excited sei'ious appre- 
hension that the day of judgment was at hand, and that 
they were the appointed messenger of Divine wrath, 
hasting apace to burn up the world. A little reflection, 
however, will show that all such fears are groundless. 
The same unerring hand that guides the ponderous planet 

807. Physical nature of comets ? What proofs of their light and vapory 
pharacter? (What eaid of their probable mass? Opinion of Newton I 
What siaid of the f omet of 1770 ? What effect on orbits ?) 

808. ilow coweta formerly regarded ? 'Why no feurs of coUIaion (Whnl 

- ebtimato of * cUaucea f*') 
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iQ its way, directs also the majestic comet, and where 
infinite wisdom and almighty power direct, it is almost 
profane to talk of collision or accident. 

Even thoM who have calculated the "chances^ of collision— as if chance bad nnj 
thing to do among the solar bodies — have concladed the chances of collision are about 
as one to 281,ti00,OCJO— i^ «., like the chance one would have in a lottery, where there 
were 881,000,000 black balls, and bat one white one ; and where the white ball must be 
produced at the first drawing to secure a prize. 

309. Were a collision actually to take place between 
a comet and the earth, it is not probable tnat the former 
would even penetrate our atmosphere, much less dash 
the world to pieces. Prof. Olmsted is of opinion that 
in such an event, not a particle of the comet would reach 
the earth — ^tbat the portions encountered by her would 
be arrested by the atmosphere, and probably inflamed ; 
and that they would perhaps exhibit, on a more magnifi« 
cent scale than was ever before observed, the phenomena 
of shooting stars or meteoric showers. The idea, there- 
fore, that comets are dancrerous visitants to our system, 
has more support &om si^titioii tbao from re^on o^ 
science. 

The air Is to us what the waters are to fish. Some flsh swim around In the deep, 
while others, like lobsters and ovsters, keep on the bottom. So birds wins the ur, 
while men and beasts ace the ^ lobsters^ that crawl around on the bottono. Now there 
is no more probability that a comet would pass through the atmosphere, and ii^ure ua 
upon the ei^th, Uian there is that a huadSm of Jbg or vapor thrown down upon the sur 
face of the ocean, would pass through and kill the shell-fish at the bottom. 

810. After all that is supposed to be known respecting 
comets, it must be admitted that they are less under- 
stood than any other bodies belonging to our system. 
" What r^ions these bodies visit, when they pass beyond 
the limits of our view ; upon what errands they come, 
when they again revisit the central parts of our system ; 
what is the difference between their physical constitution 
and that of the sun and planets ; and what important 
ends they are destined to accomplish in the economy of 
the universe, are inquiries which naturally arise in the 
mind, but which surpass the limited powers of the human 
understanding at present to determine." /^ 

809. What probable eifeot in oaee of ooUisionf Trot Olmsted^s opinion t 
(Bemark respecting the air, fish, lobsters, &g. ?) 

SIO. Are we as well acquainted with comets as with othor bodies of <mu 
•yat«nf What inqniiiM euggMMfci t Howaatwerdd} 
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311, Of all the celestial objects with which we an; 
acquainted, none make so strong and univergal an iiu- 
preesion U]>on our globe as does the fun. He is the great 
center ol' tlie eolar s^-etem— a vast and fiery orb, kindled 
by the Almighty on the morn of creation, to cheer th:j 
dark abyss, and to ponr Iiis radiance npon surrounding 
worlds. Compared with him, all the solar bodies are of 
Inconsiderable dimensions ; and without him, they would 
be wrapped in the gloom of interminable night. 

312. The form of the snn is that of an oblate sphe- 
roid, his equatorial being somewhat greater than his 
polar diameter, Ttie mean of the two is 88ti,00U miles. 
He is l.^y)r,(^0 times as large as the mighty globe we 
inhabit, andfOO times as large as all the plauuls put 
together. Were he placed -nttmntinmaaiCtotLKt. 
where the earth ia, he would 

£11 all tlie orbit of the moon, 
and extend 200,000 miles be- 
yond it in every direction. It 
would take 112 such worlds 
as ours, if laid side by side, to 
reach across his vast diameter. 

1. Th« THt Qiiiniltada of tha mn mif b» 
'Inrerred IWini tUe fsct, tbmt when riajng orHt- 
line, lie ofiMB appturt \iiett than Ibe lunM 
bulldtDit, or tke Uijii of Uia liUfMt [»«. Nuw 

1 WerB» »llro«d poHwl IhroBgh tbaitir'a canlar, md ationld ■ mlnef cmMart 
ITuiD one Blda, ud pruceed on a Iha rale of 30 in[la u bour, U would ra^oln H jttn 

811. Deicnbe the tan. How comjxire with tbe rest o! the nvntem I 

812, What La his form 1 DmmotBr ( Mbbb, lu. compareil with our iflobet 
Vi iih ftll other bodieg of the s.vilein ? Widi luoon'g orbit ) (Wbiit seusible 
esIdoDce of 'he vut magnitudB of the buq ! lUiuintian Oum ntiirgad* 
Oanraiutniion u to its compariMD with moon'* orbUt)' 
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S. Thunienn ditunre of tha moon from th« urth'i center Is 940,000 ui!1»; «iii»' 
qnsntlj the diameur vT her •irhft. vhlcta 1* twice lh« ncllu, '.t t6a,(NI0. Submct thia 
ftdin SMLUCM. the snn'a dlunein, udw* bsia «H^ mllei Ut, <u!08,oao diIIm on «wb 
alda, bajoDd tbt inoon'a otblL 

313. By the aid^f telescopes, a variety ofspots have 
been discovered up«n the sun's disk. Their number is 
exceedingly variable at different times. From 1611 to 
1629, a period of 18 years, the sun was never found clear 
of spots, except for a few ^^^^^ ^^ ^^ ^^^ 

days in December, 1621. , 
At other times, twenty or 
thirty were frequently seen 
at once; and at one period, 
in 1825, upwards of fifty 
were to be seen. Prof. 
Olmsted states that over 
100 are sometimes visible. 
From 1650 to 1670, a pe- 
riod of 20 years, scarcely 
any spots were visible ; and 
for eight years, from 1676 
to 1684, uo spots whatever 
were to be seen. For the last 46 years, a greater or less 
number of spots have been visible every year. For 
iSeveral days, during the latter part of September, 1846, 
we could count sisteen of these spots, which were dis- 
tinctly visible, and most of them well defined; but on 
the 7th of October following, only six small spots were 
visible, thongh the same telescoj)e was nsed, and circum* 
stances were equally favorable. 

Tli« tan l> ■ dincnll objacl to Tlaw Ibrongfa s lelweope. *T«n olwn tlia tjt la pm- 
tntwd in Iha beat nunnar bir eotDrsd itIueh, In tmna autt (u In ona ralntxl lo Ihs 
■ulhor hf rnit^Hur Cuvell, ot Brnwo UitlvenlQ), Ihe faau WoineB hi fnaC u to 
r-LKpH tlie eye.|jLeasa ot Iba kEutrumant, and iomatliiia tfaa «7e of the obaarvar it Impv 
nUy iqjurad. 

314. The solar spots are all found within a zone 60° 
wide — i. e., SO" each side of the sun's equator. They are 
generally permanent, though they have been Icnown to 

tit. Viev of Bttn'B BtirTace tbrouph tcleacopes ) Namber of spots Been t 
Are 'liBv ilwBjrc to be teenf How l>om l«ll to IBStff In ISWf Frof. 
OlmHted'o Ftaictnent t How from IflSO to 16701 Froni 1ST6 to 1634) II 
IMflt (WhalRaldof JifficiiitiBBof ob-erviiw" 
' '*14>'_Whe(e,iTBtliMaa)»U* Biiwudl An Ibey permuiantl WljMm» 
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break in pieces, and disappear in a verj short time. 
They sometimes break out again in the same places, or 
where none were perceptible before. They pass from 
left to right over the sun's disk in 13 days, 15 hours, 
and 45 m mutes ; from which it has been ascertained that 
he performs a sidereal revolution on his axis, from west 
to ea^t, or in the di- 
rection of all the 
planets, every 25 
days, 7 hours, and 
48 minutes. / ""'''^.*?». 



hdbbbal Am raroDio bbtoujtioiib of im «uk. 
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1. His apparent or tynodio 
. ravolntlon requires 87 days 7^ 
boars; but this is ss much more 
than a euiiiplete reTolntlon upon 
bis axifli as tlie earth has ad- 
vanced in lier orbit in 85 days 8 
hours. Let S represent the sun, 
and A tlie earth in her orbit 
When she Is at A, a spot Is seen 
upon the dlsl( (»f the sun at B. 

Tne sun revolves in the direction of fhe arrowB, and In 85 dajs 10 hours the spot eomet 
round tu B again, or oppo;»ite the star EL This is a Hdereal revolution. 

8. Daring tliute 85 days 8 hours, the earth has passed on in her orbit some 850, or 
n««rly tu C which will require nearly two days for the spot at B to get directly tunmd 
the earth, as shown at 1). This last is a nynodic revolution. It consists of one cnm* 
plete ruvolutiott of the san u[H>a his axis, and aboat 87<3 over. 

315. Of the nature of these wonderful spots, a variety 
of opinions have prevailed, and many curious theories 
have been constructed. Lalande, as cited by Herschel, 
suggests that they are the tope of mountains on the sun's 
surface, laid bare by fluctuations in his luminous atmos- 
phere ; and that the penumbrsB are the shoaling declivi- 
ties of the mountains, where the luminous fluid is less 
deep. Another gentleman, of some astronomical knowl- 
edge, supposes that the tops of the solar mountains are 
ex[K)8ed by tides in the sun's atmosphere, produced by 
planetary attraction. 

To the theory of Lalande, Dr. Herschel objects that 
It is contradicted by the sharp termination of both the in- 
ternal and external edges of the penumbrte; and ad 
vances as a more probable theory, that ^^ they are the 

tion have they? What oondasibn from it! (What reyolntion k this! 
What time requirod for a synodic revolution ? lUa^trftte.) 

815. What are these spots supposed to be? Lalande?^ Dr. Herschel'e 
'e>4Mrkf f!nif Oinsted? Fio&Wikitt? £xpQnaMattt of Fkoft fittwrt 
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dark, or, at least, comparatively dark, solid body of tlio 
sun itself, laid bare to our view by those immense fluc- 
tuations in the luminous regions of the atmos]>iiere, to 
which it appears to be subject." Prof. Olmsted supports 
this theory by demonstrating that the spots must bo 
."nearly or quite in contact with the body of the sun." 

In 1773, rrof. Wilson, of the Univers-ity of Glasgow, 
asceitained, by a series of observations, that the spot 
were probably " vast excavations in the luminous matter 
of the sun ;" the nuclei being their bottom, and the um- 
brae their shelving sides. This conclusion varies but 
little from that of Dr. Herschel, snl)sequently arrived at. 

In a series of experiments conductea by Prof. Henry, 
of the Smithsonian Institute, at Washington, by means 
of a thermo-electrical apparatus, applied to an image 
of the sun thrown on a screen in a dark room, it was 
found that the spots were perceptibly colder than the 
surrounding light surface. 

316. The magmtitde of the solar spots is as nriable 
as their number. Upon this point, the second cut pre- 
ceding gives a correct idea, as it is a pretty accurate rep- 
resentation of the sun's disk, as seen by the writer on the 
22d of September, 1846. In 1779, Dr. Herschel ob- 
served a spot nearly 30,000 miles in breadth ; and he 
further states, that others have been observed, whose 
diameter was upward of 45,000 miles. Dr. Dick ob- 
serves that he has several times seen spots which were 
not less than ^ of the sim's diameter, or 22,192 miles 
across. 

It is stated, upon good authority, that solar spotj have 
been seen by the naked eye — a fact from wliich Dr. 
Dick concludes that such spots could not be less than 
50,000 miles in diameter. The observations of the 
M-riter, as above referred to, and represented in the cut, 
M'ould go to confirm this deduction, and to assigri a still 
gi'eater magnitude to some of these curious and iuterest- 
ing phenomena. 

317. The axis of the sun is inclined to the ecliptic 7^^, 

816. What Mid of the size of the eolar tpote f Dr. Herschel** ohecrva 
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or, more accurately, 7** 20'. This is but a slight deviation 
from what we may call a perpendicular ; so that, in rela- 
tion to the earth, he may be considered as standing up 
and revolving with one of his poles resting upon a point, 
just half his diameter below the ecliptic. 

As the result of the sun's motion upon his axis, his 
spots always appear first on his eastern limb, and pass off 
or disappear on the west But though the direction of 
the spots, as viewed from the earth, is from east to west, 
it only proves his motion to coincide with that of the 
earth, which we call from west to east; as when two 
spheres revolve in the Bame direction, the sides toward 
each other will appear to move in opposite directions. 
During one-half of the passage of the spots across the 
sun's disk, their apparent motion is (hGcderaUd } and 
during the remainder, it is retarded. 

This apparent irregularity in the motion of the spots 
upon the sun's surface, is the necessary result of an 
equable motion upon the surface of a globe or sphere, 
when near the eastern limb, the spots are coming partly, 
toward us, and their angular motion is but sliglit ; but 
when near the center, their angular and real motions are 
equal. So, also, as the spots pass on to the west, it is 
their angular motion only that is diminished, while the 
motion of the sun upon his axis is perfectly uniform. 

318. The figure of the sun affects not only the appa- 
rent velocity of the spots, but also their forma. When 
first seen on the east, they appear narrow and slender, as 
represented in the cut, page 147. As they advance 
westward, they continue to widen or enlarge till they 
reach the center, where they appear largest; when they 
again begin to contract, and ai'e constantly diniinishe^. 
till they disappear. ./ ., / /' i\^'Ox [ ^(J c/^ij 

319. Another result of tlie revolution of the sun upony/ 
an axis inclined to the ecliptic, and the revolution of tli< 

817. How is the suu^s axia situated? What said of the direction of the 
i(potR ? Of their rate of motion ? 

818. Of tlie cause of thi^ irregularity f What variations aithe/onm «. f 
the solur npottt ? CauM f 

819. What other result of the Bim^s revolution about an inclined asiitf 
Oiluatrate by diagrams.) 
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earth around him, is, that when viewed from our mov- 
able observatory, the earth, at different seasons of the 
year, the direction of the spots seems materially to vary 
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Harek. 



JuiM. 



September 



DMCmher. 



1. Let E F represent the plane of the rdlptio. In March, the spots describe a cm-re, 
which is convex to tlie south, as shown at A. In June, they cross the sun's disk m 
nearly straight lines, but incline upward In September, they curve again, though ia 
theop()osir« direction; and in December, pass over in straigiit lines, inclining ootofio 
woara. The f^iircs B and O show the inclination of the sun's axis. 

2. The catiMs of this difference in the direction of the soliur spots will be Ailly ondeiw 
ttood by the following diagram : 

flOLAB SPOTS 088BB7BD rBOK PIFrBBBWT rOOnS. 




IjA the student Imagine himself stationed npon the earth at A, In March, looking 
npon tlie sun in the center, whose north or upper pole Is now Inclined tovmrd him. 
The spots will then curve doncnward. Tliree months afterward — viz^ in June — ^tho 
earth will be at R ; when the stm's axis will Incline to the left^ and the spots seem to 
p:ts8 upward to the right In three months longer, the observer will be at G, when the 
north pole oJT the sun will incline /rom Aim, and the spots seem to cu>rf>e ujnoard ; and 
in three months longer, he will be at D, when the axis of the sun will incline to tfut 
rights and the ppots seem to incline downward. 

320. Of the physical constitution of the sun, very lit- 
tle is known. W hen seen through a telescope, it is like 
a globe of fire, in a state of violent commotion or ebii- 
lition. La Place believed it to be in a state of actual 
combustion, the spots being immense caverns or craters, 
caused by eruptions or explosions of elastic fluids in the 
interior. 



920. What 8iud of the physlcd coustitaUon of the sun f La riaoc'» opiu- 
km ? Mo8t probable opinion f 
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Ihe most probable opinion is, that the body of the snn 
16 opake, like one of the planets ; that it is surrounded 
by an atmosphere of considerable depth ; and that the 
light is sent off from a luminous stratum of clouds, float- 
ing above or outside the atmosphere. This theory accords 
best with his density, and with the phenomena of the 
solar spots. 

321, Of the ternperature of the sun's surface. Dr. Her- 
schel thinks that it must exceed that produced in fur- 
naces, or even by chemical or galvanic processes. By 
the law governing the diflFusion of light, he shows that 
a body at the sun's surface must receive 300,000 times 
the light and beat of our globe ; and adds that a far less 
quantity of solar light is suflicient, when collected in the 
focus of a burning-glass, to dissipate gold and platina into 
vapor. The same writer observes that the most vivid 
liames disappear, and the most i&tensely ignited solids 
appear only as black spots on the disk of the sun, when 
held between him and the eye. From this circumstance 
he infei'S, that however dark the body of the sun may 
appear, when seen tlirough its spots, it may^ neverthe 
less, be in a state of most intense ignition. It does not, 
however, follow, of necessity, that it mitst be so. The 
contrary is, at least, pliysically possible. A perfectly 
reflective canopy would effectually defend it from the 
radiation of the luminous regions above its atmosphere, 
and no heat would be conducted downward through a 
gaseous medium increasing rapidly in density. The 
great mystery, however, is to conceive how so enormous 
a conflagration (if such it be) can be kept up from age 
to age. Every discovery in chemical science here leaves 
us completely at a loss, or rather seems to remove further 
from us the prospect of explanation. If conjecture 
mi^ht be hazarded, we should look rather to the known 
possibility of an indefinite generation of heat by friction, 
or to its excitement by the electric discharge, than to 
any actual combustion of ponderable fluid, wliether solid 
or gaseous, for the origin of the solar radiation^ ^ /] 

' ryt"^ "^ 

821. Slinks temperatnro ? Dr. Ilerschel's idea f What roas^airu; 
nid opinion } what myRtory i 
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322. The Zodiacal lAghi is a taint nebulons light, re- 
Bembling the tail of a comet, or the milkj way, which 
seems to be reflected from nouou. uam 

the regions about the sun, 
vnd is distinguishable from 
ordinary twiught Its form 
is that of a pyramid or 
cone, with its base toward 
the Bun, and inclined slight- 
ly to the ecliptic. It seems 
to surruand the san on all 
sides, though at various 
depths, as it may be seen 
in the morning preceding 
tiie Bun, aa well as in the 
evening following him ; 
and the bases of the cones, 

where they meet at the eau, are much larger than his 
diameter. 

323. Of the naim-e of this singular phenomenon, very 
little is positively known. It was formerly thought bi 
be the atmosphere of the sun. Prof. Nichol says ; " Oi 
this, at least, we are certain — the zodiacal light is a plie- 
nomenoD precisely similar in kind to the nebulous atmos- 
pheres of the distant stars, t&c." Sir John Herschel re- 
marks that it is manifeBtly of the nature of a thin len- 
ticnlarly-formed atmosphere, sarroundiug the sun, and 
extending at least beyond- the orbit of Mercury, and 
even of Venus. He gives the apparent angular distance 
of its vertex from the sun, at from 40° to 90" ; and the 
breadth of its base, from 8° to 30°. It sometimes ex- 
tends 50° westward, and 70° east of the snn at the same 
time. 

324. TheyoTOT of this substance surrounding the sxin. 
and which is sufficiently dense to reflect his light to the 

SiS. WhiitiBthezodiiHHlli^htl Itaformt When uen! 

*S28. Katnni sf this li^lit I Former opinion I Prof. Nluhol'a remsrkl Dl. 
nenahel'a ) Ita extent Ovm the ihd '\ 

SM. /brm of Ihii light t How aiCaitAd with mpMi to um'i U^ Ae. t 
(DliutrHta b; diBgTnin.J 
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earth, eeun>B to be that of a l^na ; or rather that of h 
biigii wheel, thickest at the center, and thinned down 
ro an edge at the outer extremitiea. Its being seen 
edgewise, and onljf one-half ,omm, utmbt, no, of ™i vauou. 
at a time, gives it the ap- ""^ 

pearance ol' two pyramios 
with their bases joined at 
the Eun. It i8 an interest- 
ing fact, stated by Pro£ 
Nichol, that this light or 
nebulons body lies in the 
plane of the sun's equator. 
A line drawn tbroi^h its 
tmns verse diameter, or 
rnim one apex of the pyra- 
mids to the other, would 
cross the axis of the sun 
at right angles. This fact 

would seem to indicate a revolution of this cnrions sub- 
stance with the sun upon his axis. 

Ltt A, in theilxtva ont. r*pnwnt the Bun, BB hlniKli; lb*a OCwUI tq>iM*DttlM 
OKWnl, mid D D tba UiiduHH el Italmurhiiu ii|ipindi){a. 

325. At the meeting of the American Association for 
the Advancement of Science, held in Providence, R. 
I., August 18, 1855. Tlie Eev. George Jones, of the 
U. S. navy, read an elaborate paper upon the Zodiacal 
Light, founded upon his own observations during a 
cruise in the United States' steam frigate Mississippi, 
from 41° N. lat. to 52° S. lat. From a record of 331 
observations, each accompanied by a drawing, showing 
the exact form and poeition of the Light among the 
stars, Mr. Jones was decided in the conviction that the 
Zodiacal Light is a luminous ring around the earth, like 
that which surrounds the planet Saturn, Prof, fierce, 
of Harvard College, is said to have concurred wHh Him 
in this opinion. 

326. After all the observations that have been made, 



THB sun's PBOPEB MOTION IN 8PA0B. 155 



and the theories that have been advanced, it must be ad- 
mitted that the subject of the zodiacal light is but imper* 
fectly understood. Prof. Olmsted supposes it to be a 
nebulous body, or a thin vaix>ry mass revolving around 
the sun ; and that the meteoric aJiowera which nave oc- 
curred tor several yeare in the month of November, may 
be derived from this body. This is the opinion of Arago, 
Biot, and othera. 

The best time for observing tlie zodiacal light is on 
clear evenings, in the months of March and April. It 
may be seen, however, in October, November, and De- 
cember, before sunrise ; and also in the evening sky. 

THE sun's motion IN 8PACB. 

?27. Although, in general terms, we speak of the snn' 
as the fixed center oi the system, it must not be under- 
stood that the sun is absolutely without motion. On the 
contrary, he has a periodical motion, in nearly a circular 
direction, around the common center of all the planetary 
bodies; never deviating from his position by more than 
twice his diameter, irom the known laws of gravita- 
tion, it is certain that the sun is affected in some measure 
by the attraction of the planets, especially when many 
of them are found on the same side of the ecliptic at the 
same time ; but this would by no means account for so 
great a periodical motion. 

328. In addition to the motion above described, the 
sun is found to be moving, with all his retinue of planets 
and comets, in a vast orbit^ around some distant and 
hitherto unknown center. This opinion was first ad 
vanced, we think, by Sir William Herschel; but the 
honor of actually determining this interesting fact be- 
longs to Struve, who ascertained not only the direction 
of the sun and solar system, but also their velocity. 

826. Is this subject well andemtood as yet? Prof. Olmsted^s theory? 
When the boAt time for observing the zodiacal light? 

827. Is the sun really stationary ? What motion ? How affected by pLin- 
ots' 

828. What other motion ? Who first advanced the opinion that he had 
noli a motion ? Who demonstrated it ? Toward what point ia the sou oud 



f 

1 
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The point of tendency is toward the constellation Her- 
cules, right ascension 259®, declination 35**. The ve 
locity of the sun in space is estimated at 8 miles per 
second, or 28,000 miles per hour. Its period is about 
18,200,000 years; and the arc of its orbit, over which 
tlie sun has traveled since the creation of the world, 
amounts to only about inrW^^ P^^ ^* ^^® orbit, or about 
7 minutes — an arc so small, compared with the whole, as 
Xo be hardly distinguishable from a straight line. 

329. With this wonderful fact in view, we may no 
longer consider the sun as fixed and stationai y, but rather 
as a vast and luminous planet^ sustaining the same rela- 
tion to some central orb that the primary planets sustain 
to him, or tliat the secondaries sustain to tLeir primaries. 
Nor is it necessary that the stupendous Anecnanism of 
nature should be restricted even to these s>.blime propor- 
tions. The sun's central body may also have its orbit, 
and its center of attraction and motion, and so on, till, 
as Dr. Dick observes, we come to the great center of ail 

to the THRONE OF GoD I 

ProfeMor Madler, of Dor]>at; In RnsBia, has recently annomiced 9S a discovery tliat 
the star Alcyone^ one of the seven stars, is the center aroond which the sun and soinr 
system are revolving. 




CHAPTER XI. 

MISCELLANEOUS REMARKS UPON THE SOLAR 8T8TEM. 
KEBULAB THEORY OF THE OBIGIN OF THE 80LAB SYSTEM. 

330. It was the opinion of La Place, a celebrated 
French astronomer, that the entire matter of the solar 
system, which is now mostly found in a consolidated 

Bolar ajTBtem tending ? Its velocity ? Period of revolution ? Amoont of its 
progress since the creation of the world ? 

829. How, th'^n, should the sun be considered ? How extend the analogy \ 
What ftirther reunt discovery, and hy whom ? 

880. State the " nebular theory" of the origin of the solar system ? Wha 
4r>«t .started thia theory ? 
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state, in the snn and planets, was once a vast nebvla or 
gaseous vapor, extending beyond the orbits of the most 
distant planets — that in the process of gradual conden- 
sation, by attraction, a rota/ry motion was eng'.ndered 
an i imparted to the whole mass — ^that this motion caused 
the consolidating matter to assume the form of various 
concentric rmgs^ like those of Saturn ; and, finally, that 
these rings collapsing, at their respective distances, and 
still retaining their motion, were gathered up into plaiv- 
eU^ as they are now found to exist. This opmion is sup- 
posed to be favored, not only by the fact of Saturn's 
revolving rings, but by the existence of the zodiacal light, 
or a resisting medium about the sun ; and also by the 
character of irresolvable or planetary nebulse, hereafter 
to be described. 

331. To this theory, however, there are many plan 
sible, if not insurmountable, objections. 

(a.) It seems to be directly at variance with the Mosaic 
account of the creation of the sun, moon, and stars. 
Ihe idea that the sun and all the planets were made up^ 
BO to speak, out of the same general mass, not only 
throws the creation of this matter back indefinitely into 
eternity, but it substitutes the general law of attraction 
for the more direct agency of the Almighty. The crea- 
tion spoken of in the Bible thus becomes not the oriyir 
noting of things that did not previously exist, but the 
mere organizcmon or arrangemervt of matter already 
existing. 

(5.) The supposed consolidation of the ne))ulous mass, 
in obedience to the general law of attraction, does not 
of itself account for the rotary motion which is an essen- 
tial part of the theory. Under the influence of mere at- 
traction, the particles must tend directly toward the cen- 
ter of the mass, and consequently could have no tendency 
to produce a rotary motion during the process of conden- 
sation. 

(c.) The variation of the planetary orbits from the 

881. What said of it? State the first objection named? The second 9 
Third? Fottr^h? Fifth? What remark added by the aathorf 

14 
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f^lane of the sun's equator contradicts the nebular theory* 
f the several primary planets were successively thrown 
off from the general mass, of which the sun is a pai*t, 
thej^ could not have been separated from the parent body 
till they were near the plane of its equator. Now, as 
the sun is assumed to be a part of the same mass, re- 
volving still, the theory would require that the portions 
now separated from him, and called planets, should still 
revolve in the plane of his equator. But instead of this, 
it is found tliat some of them vary from this plane to the 
amount of nearly 42*^. 

{d,) This theory assumes not only that the primary 
planets were thrown off from the parent mass by it« 
rapid revolution, but that the primaries, in turn, threw 
off their respective satellites. These, then, should all 
revolve in the plane of the planetary equators respect- 
ively, and in tlie direction in which their primaries re- 
volve. But their orbits not only depart from the plane 
of the equators of their primaries (Jupiter's satellites 
excepted), but the moons of Uranus actually have a 
retrograde or hackwa/rd revolution. 

(e.) If the sun and planets are corfiposed of what was 
originally the same mass, it will be laecessary to show 
why they differ so materially in their pli^^sical natures — 
why the sun is self-lnminous, and the planets opake. 

But we have not room to discuss the subject at length 
in this treatise. It is but justice, however, to say, tliat 
men eminent for learning and piely have advocated 
the nebula/r them*y^ in the belief that it is perfectly con- 
sistent with the Mosaic account of creat.on. But the 
writer is frank to state, that while he acknowledges the 
force of some of the considerations urged in its sup- 
port, he has not yet seen reason for adopting this theory 
of the origin of the solar system. " Through faith wo 
understand that the worlds were framed by the word ol 
God [not by the law of gravitation], so that things which 
are seen were not made of things which do appear [or of 
pre-existing matter]." — Heb. xi. 3. 

332. Upon the supposition that the sun and planets 
were created as they are, by the direct act ot God, a& 
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inqniiy at once arises as to the probable extent of the 
creation recorded by Moses. Do^s it include the whole 
universe? or is it to be understood as applicable only to 
the solar system ? Upon this point our only light is, that 
'^in the beginning God created the heavens and the 
earth" — that he not only made the sun and moon, but 
that ^^ he made the stars also ;" and that when these were 
spoken into being, God had " finished" his work. (See 
Uenesis, 1st chapter.) ^^ Thus the heavens and the earth 
were finished, and all the host of them." It seems most 
probable, therefore, that the Mosaic creation includes the 
whole material universe — that when God ^^ laid the foun- 
dations of the earth," and the ^^ heavens were the work 
of his hands," he ^^ made the worlds also ;" that is, they 
were then all " Iramed by the word of God." 

WEBB THE ASTEROIDS ORIGINALLY ONE PLANET ? 

333. Some very curious speculations have been enter- 
tained by astronomers in regard to the orij/iu of the 
Asteroids. As in the case of the recently discovered 
planet, Neptune^ the existence of a large planet between 
the orbit of Mare and Jupiter was susjpe^ited before the 
asteroids were known. This suspicion ai*ose mainly from 
the seeming chasm that the absence of such a body would 
leave in the otherwise well-balanced solar system. The 
prediction that such a body would be discovered in the 
future stimulated the search of astronomers, till at length, 
instead of one large planet, eighty-five small ones havOy 
one after another, been discovered. 

334. From certain peculiarities of the asteroids, it has 
been considered highly probable that 'they are the frag- 
ments of one large planet, which has been buret asunder 
by some great convulsion or collision. The grounds of 
this opinion are as follows : 

882. What other interesting question started ? What light apon this sub- 
ject? What most probable! 

888. What curious speculation resnccting the asteroids ? What suspiciont 
l>efore any of them were discoverca \ 

88i. What opinion respecting the origin of the asteroids ? Sute xh% 
^fowndi of this opinion iu order. 
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{a.) Tlie asteroids are much smaller than unj of the 
other primary planets. 

(b.) They ai*e all at nearly the same dietcmce from the 
sun. 

{c) Tlieir ]')eriodic revolutions are accomplished in 
neariy the same time. The difference of their periodic 
times is not greater than inight result irom the supposed 
disruption, as the parts thrown forward would have their 
motion acceleratea^ while the other paits would be thrown 
hack or retarded; tlius changing the periodic times of 
both. 

(d.) The great departure of the orbits of the asteroids 
from the plane of the ecliptic is supposed to favor the 
hypothesis of their having been originally one planet, the 
assumption being that the explosion separating the ori- 
ginal body into fragments would not onl}' accelerate some 
portions and retard others, but would also throw them out 
of the plane of the original orbit, and in some cases still 
further from the ecliptic. 

{e,) Their orbits are more eccentric than those of the 
other primaries. Although the tables show the eccen- 
tricity of Uranus's orbit as greater in miles than that oi 
even Juno or Pallas, yet when we consider the difference 
in the m^ignitude of their orbits, it will easily be seen 
that his orbit is less elliptical than theirs. 

(/.) The orbits of Ceres and Pallas, at least, cross each 
other. This, if we except, perhaps, the orbits of some 
of the comets, is a perfect anomaly in the solar system. 

335. From all these circumstances, it has been con- 
cluded that the asteroids are only the fragments of an 
exploded world, which have assumed their present forms 
since the disruption, in obedience to the general laws of 
gravitation. This theorj-, lirat advanced by Dr. Olbers, is 
favored by Prof. Nichul, Dr. Brewster, Dr. Dick, and 
others ; while Sir John Ileivchel observes that it may 
serve as a specimen of the dreams in which astronomei-s^ 
like other speculators, occasionally and harmlessly in- 

885. Who was the author of this theory ? What dlstinffiiished aHtron»» 
hien favor it ? What says Sir Joba Uencbel ? Kemurk of Dr. Dick I Ojmh- 
Ion and remarks of the autliorf 
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dulge. Dr. Dick remarks tlmt the breaking up of the 
exterior crust of the earth, at the time of the general 
deluge, was a catastrophe as tremendous and astonishing 
as the bursting asunder of a large planet. In view, how- 
ever, of the harmony and order that everywhere reiirn 
throughout the planetary regions, directing the })athvvay 
and controlling the destiny of every world, it is hard to 
believe cither that one world has been so constructed 
as to explode^ like a vast bomb-shell, and scatter its frag- 
ments over the regions of its former pathway : or that 
He who guides even the erratic comet has allowed a pon- 
derous world to get so off its track, as to dash itself t<> 
pieces against its fellow worlds. ^ / J - 

ABE THE PLANETS INHABrFED BY BATIONAL Bl^INOS ? 

336. Upon this interesting question, it must be 'ad- 
mitted that we have no positive testimony. The argu- 
ment for the inhabited ness of the planets rests wholly 
upon analogy, and the conclusion is to be regarded only 
in the light of a legitimate inference. Still, it is remark- 
able tnat those who are best acquainted with the facts of 
astr'^nomy are most confident that other worlds as well 
as ours are the abodes of intellectual life. Indeed, as 
Dr. Dick well remarks, it requires a minute knowledge 
of the whole scenery and circumstances connected with 
the planetary system, before this truth comes home to the 
understanding with full conviction. 

337. The analogies from which it is concluded that all 
the primary planets, at least, are inhabited by rational 
beings, are the following : 

{a.) The planets are all soUd hodiia resembling the 
earth, and not mere clouds or vapors. 

(J ) Thev all have SLsp?ierical or spheroidal Jlgure^ like 
our own planet. 

(c.) The laws of gravitation, by which we are kept 
upon the surface of uie earth, prevail upon all the other 

836. What other anestion proposed ? What admispion ? Nature of tht 
evidence of the inhaDitedness of the planota ? What remarkable fiict ? Re 
uiark of Dr. Dick ? 

887. State the principal points of analogy between our globe and the othe. 

u* 
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planets, as if to bind races of material bein^ to their sur^ 
faces, and provide for the erection of habitations and 
other conveniences of life. It is very remarkable, how- 
ever, that those planets whose bulks are such as to indi- 
cate an insupportable attractive force, are not only less 
dense than our globe, but they have the most rapid daily 
revolution ; as if, by diminished density, and a strong 
centrifugal force combined, to reduce the attractive force, 
and render locomotion possible upon their surfaces. 

{d.) The magnitudes of the planets are such as to af- 
ford ample scope for the abodes of myriads of inhabit- 
ants. It is estimated that the solar bodies, exclusive of 
the comets, contain an area of 78,000,000,000 of square 
miles, or 397 times the surface of our globe. According 
to the population of England, this vast area would afford 
a residence to 21,875,000,000,000 of inhabitants; or 
27,000 times the population of our globe. 

{e.) The planets have a diumM revolution around 
their axes, thus affording the agreeable vicissitudes of 
day and night. Not only are they opake bodies like our 
globe, receiving their light and heat from the sun, but 
they also revolve so as to distribute the light and shade 
alternately over each hemisphere. There, too, the glo- 
rious sun rises to enlighten, warm, and cheer ; and there 
" the sun-strown firmament" of the more distant heavens 
is rendered visible by the no less important blessing of a 
periodic night. 

{f.) All the planets have an annual revolution round 
the sun ; which, in connection with the inclination of 
their axes to their respective orbits, necessarily results in 
the production of seasons. 

ig.) The planets, in all probability, are enveloped in 
atmospTieres. That this is the case with many of them 
is certain ; and the fact that a fixed star, or any other 
orb, is not rendered dim or distorted when it approaches 
their margin, is no evidence that the planets hav^e no at- 
mosphere. This appendage to the planets is known to 
vary in density* ; and in those cases where it is no*: de- 

|>1anets. SubBtance ! Forms ! Gravitation ? Mafrnitude ! Day» and 
aights? Seaaona? Atmospheros If Moons f Moantaina? Au. 
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tected by its intercepting or refracting the light, it may 
be of a nature too clear and rare to produce such phe- 
nomena. 

(A.) The principaL primary planets are provided with 
moons or scUeUites^ fb afford them light in the absence of 
the sun. It is not improbable that both Mars and Venus 
have each, at least, one moon. The earth has one ;' and 
as the distances of the planets are increased, the number 
of moons seems to increase. The discovery of six around 
Uranus, and only one around Neptune, is no evidence 
that others do not exist which have not yet been dis- 
covered. 

(i.) The surfaces of all the planets, primaries as well 
as secondaries, seem to be variegated with hiU and dale^ 
mountain and plain. These are the spots revealed by 
tlie telescope. 

(y.) Every part of the globe we inhabit is adapted 
to tlie support of animal life. It would, therefore, be 
contrary to the analogy of nature, as displayed to us, to 
suppose that the other planets are empty and barren 
wastes, utterly devoid of animated being. And if ani- 
mals of any kind exist there, why not intelligent beings ! 

338 If other worlds are not the abodes of intellectual 
life, for what were they created ? What influence do 
they exert upon our globe, especially those most remote ? 
There are doubtless myriads of worlds beyond our system 
that will never even be seen by mortal eye, and that have 
no perceptible connection with our globe. If, then, they 
are barren and uninhabited islands in the great ocean of 
immensity, we repeat, for what were they created? The 
inquiry presses itself upon the mind with irresistible 
force, wliy should this one small world be inhabited, 
and all the rest unoccupied ? For what purpose were all 
these splendid and raagnilicent worlds fitted up, if not to 
be inhabited ? Why these days and years — this light and 
shade — these atmospheres, and seasons, and satellites, and 
hill and dale ? 



838. What difficulty on the Buppo«ition that the planets are not iuha> 
Itedl 
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839. To snppoee all these worlds to be fitted np upon 
one eeneral plan, provided witli similar conveniences na 
abodes for intellectual beings, and yet only one of them 
to be inhabited, is like supposing a rich capitalist would 
build some thirty fine dwellings, all atVer one model, 
though of different materials, sizes, and colors, and pro- 
vide in all for light, warmth, air, &c. ; and yet, having 
placed the family of a son in one of them, allow the 
remaining twenty-nine to remain unoccupied forever t 
And as God is wiser than man, in the same proportion 
does it appear absurd, that of nearly ninety planetary 
temples now known to exist, only one has ever been occn 
pica; while the remainder are mere specimens of Divine 
architecture, w^heeling through the solitudes of immen- 
sity I The legitimate and almost inevitable conclusion, 
therefore, is, that our globe is only one of the many 
worlds which God has created to be inhabited, and which 
are now the abodes of his intelligent offspring. It seems 
irrational to suppose that we of earth are the only intel 
ligent subjects of the " Great King," whose dominions 
border upon infinity. It is much more in keeping with 
sound reason, and with all the analogies of our globe, 
to suppose that 

** Each reyolving sphere, a seeming point, 
Which through night's curtain sparkles on the eye^ 
Sustains, like this our earth, its busy mJllion&'' 

840. The fact that we neither see^ nor hear^ nor Tiear 
from the inhabitants of other worlds, is no evidence that 
such inhabitants do not exist It would have been 

f)remature in Columbus had he concluded, when he saw 
and in the distance, that it was uninhabited, simply be- 
cause he could not hear the shout of its savages, or see 
them gathered in groups upon the beach. So in regard 
to the distant planets. Our circumstances forbid oui 
knowing positively that they are inhabited ; so that the 
absence of that knowledge is no argument against the 
inhabitedness of other worlds. 

889. What illustration f Conclusion f Poetry f 

840. What said of the objection that we neither sm, Amt, nor Amt fi>3m 
Uie inhabitrjita of the other worlds I 
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8H. It may l)e thought that tho extremes of heat and. 
cold on some of the phinets must be fatal to the idea of 
animal life, at least. ]3nt even this does not follow. 
Upon our globe, some animals live and flourish where 
others would soon die from heat or eold. And some ani- 
mats, having cold blood, may be frozen, and yet live. 
So in other worlds. He who made the three Hebrews 
to live in the iiery tiimace, can easily adapt tho inhabit- 
ants of Mercury to their warm abode. And of the exte 
rior planets we have only to say : 

" Who there inhabit must have other powers, 
Juiced, and vein^ and scdmi. and life, than ours; 
One monit'nt*a cold, like theirs, would pierce the bone. 
Freeze the hearten bliNid, and turn us all to stone T 

Adaptation is a law of tho universe; and this at once 
obviates every difKculty in regard to the temperature of 
the {danets, which niiglit otherwise be urged as a reason 
why they were not inhabited. 

S4I. Objection dran'u fVoni cxtrcmett ot* toniponiture ? I'oetiy? What 
gren*. law aiiiiwurt» every ituvU objection i 
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CHAPTER I. 

THB FIXED STARS CLASSIFICATION, NUMBER, DISTANCE, ETC. 

342. The sidereal heavens embrace all those celestial 
bodies that lie around and beyond the soliir system, in 
the legion of the fixed stars. 

The fixed stars are distinguished from the planetary 
bodies bv the foUowino: characteristics : 

{a,) Tliey shine bi/ their oum Ught^ like the sun, and 
not by rejlectltm. 

(J.) To the naked eye, they seem to iwinlie or scintil- 
late ; while the planets appear tranquil and serene. 

(c.) They maintain the same getieral positions^ with 
respect to each other, from age to age. Ou this account, 
they are qbWqA fixed stars. 

{d.) They are inconceivably distant; so that, wheJ 
viewed through a telescope, they present no sensible disk, 
but appear only as shining points on the dark concave of 
the sky. To these might be added several other peculi- 
arities, which will be noticed hereafter. 

343. For purposes of convenience, in finding or refer- 
ring to particular stars, recourse is had to a variety ol 
artificial methods of classification. 

m 

842. What parts of the >K-)ok have we now gone over I Upot< what do we 
now enter? What in meant by the sidereal heaveuttl Uow are the fixed 
Biar» dJHtin^uished from phinetary bodieM I 

Sid. What are oonstellatiODg f Their origin f 
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First, The whole concave of the heavens is divided 
into sections or groups of stars of greater or less extent. 
The ancients imagined that the stars were thrown toge- 
ther in clusters^ resembling different objects, and they 
consequently named the different groups after the objects 
which they supposed them to resemble. These clusters, 
when thus marked out by the figure of some animal, 
person, or thing, and named accordingly, were called 
couHteilcdiona. 

344. Secondly, The stars are all classed according to 
their mdgnitvdea. There are usually reckoned twelve 
different magnitudes, of which the first six only are 
visible to the naked eye, the rest being telescopic stars. 
These magnitudes, of course, relate only to their apparent 
brightness ; as the iaintest star may appear dim solely on 
account of its immeasurable distance. The method by 
which stars of different ntaiffnitudes are distinguished in 
astronomical charts is as foUows : 



•CAM or DimaoR iiAttNvnn»B. 

8 4 6 $780 10 11 19 



^ >!( '^- ^""^' * 



** It mint be obseiTed,** nys Dr. H«neh«1, ** that tbis el»8lfle«tton Into magnltndcs to 
•ntirelj arbitrair. Of a mnltltade of bright objecta, differing, probably, intrinsleallj 
both in size and in splendor, and arranged at unequal distances flrom as, one most di 
necessity appear the brightest ; the one next below it brighter still, and so on." 

346. The next step is to classify the stars of each con 
steUation according to their magnitude in relation to each 
other ^ and without reference to other constellations. In 
this classification, the Greek alphabet is first used. For 
instance, the largest star in Taurus would be marked (a) 
Alpha ; the next largest (^) Beta ; the next (7) Gamma, 
&c. When tb'^ Greek alphabet is exhausted, the Roman 
or English is tuken up ; and when these are all absorbed, 
recourse is finally had to figures. 

As Greek letters so freqaentlj oeenr in catalogues and maps of the stars, and on th* 
eelestial globea, the Greek alphabet is here inserted, fur the benefit of those who are not 

844. Hov olf»8tfled by magnitudes f (Retnark of Dr. Her»chel i) 

845. Next 8tep in clarifying ? Uow conducted! Greek li^tten ? (Bepon 
the alphabet.) 
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•eqnalBtod with It; but m the eapitala we seldom used for deslgnatlnf the iten^ Xhi 
•null obwicten only are given : 
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346. To aid in finding particular stars, and especially 
in determining their numbers, and detecting cnanges, 
3liould any occur, astronomers have constructed ccsta^ 
loffuea of the stars, one of which is nearly 2,000 years 
old. Several of the principal «tar8 baye a specific name 
— as Sirius^ Aldeba/rcm^ Megulus^ &c. ; ana dusters of 
stars in a constellation sometimes receive a specific 
name, as the Pleiades and Hyddea in Taurus. 

347. The stars are 8I4II further divided into double, 
triple, and quadruple stars, binary systems, variable 
stars, periodic stars, nebulous stars, &c., all of which 
will be noticed hereafter. 



NUHBEB OF THE FD^ED STABS. 

348. The actual rvu/mber of the stars is known onlv to 
Him who ^' telleth the number of the stars, and calleth 
them all by their names." The powers of the human 
mind are barely sufficient to form a vague estimate of 
the number near enough to be seen by our best tele- 
scopes, and here our inquiries must end. 

The number of stars, down to the twelfth magnitude, 
has been estimated as follows : 



846. What farther methods for finding particular stars! 

847. How are the rtturH still further diBtinguUhed ? 

848. Nambcr of the sUirs^ Of each magnitude? Number visible to 
naked oye^ Additional seeu through teloaoopaaf ToUlf Bemorku of 
llatMiliol aud Oimiit/wi f 



mnuoEK 01' TnE fixed stabs. 



VUatt to the niks 

y Ut magnitude 



177 

376 

1,000 



4,000- 12th 



Tlilbia obI; tkuugh ttlMsapoii. 

7tli magnitude 26,000 
..8th " ■ 170,000 

9th " 1-,100,000 

10th " 7,000,000 

11th " 46,000,000 
300,000,000 



■v'Xotal 5,623 Grand total, 354,301,623 

Of these stars, Dr. Herachel remarks that from 15,000 
to 20,000 of the first seven magnitudes are aheady regis- 
tered, or poted down in catalogues ; and Prof. Olmsted 
observes that Lalande has registered the positions of no 
less than 50,000. 

349. The reason why there are so many more of the 
bmall stars than of the large ones is, that we are in the 
midst of a great cluster, with but few stars near ns, the 
number increasing aa the 
circumference of our 
view is enlarged. (See 
second cut, page 28, and 
also the adjoining.) 
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M'J. Why wmnnTnioraof smftUstar!. Ihnnof tholnrerer! {Illii.trutebv 
(ti^ignim. tloex Ihiii oonvey B cnm^ilolo idea of tho poaitJoD of the fiia, wi tb 
K(&«noa b) the fixod Gtan I Wlij notl WJiatdoos bid coiiitioa more Qoulr 
nioeniUo)) ' 
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850. If we suppose that each of these suns is accom- 
panied only by as many planets as are embraced in our 
solar system, we have ni/ne thouscmd millions of wmids 
in our firmament. No human mind can turin a concep- 
tion of this number; but even these, as will hereafter he 
shown, form but a minute and comparatively insignifi- 
cant portion of the boundless empire which the Creator 
has reared, and ^ over which he reigns. '^Lo, these arc 

i)arts of his ways; but how little a portion is heard of 
lim? but the thunder of his power who can under- 
stand." (Job xxvi. 14.) 

DISTANCES AND MAGNITITDES OP THE STABS. 

Sol. It has been demonstrated that the nearesit of tno 
fixed stars cannot be less than 20,000,000,000 {twenty 
lUlions) of miles distant ! For light to (ravel over this 
space, at the rate of 200,000 miles per second, would re- 
quire 100,000,000 seconds, or upwards of three years. 

What, then, must be the distances of the telescopic 
stars, of the 10th and 12th magnitudes ? " If we a<lmit," 
says Dr. Herschel, " that the light of a star of eacli mag 
nitude is half that of the magnitude next above it, it will 
follow that a star of the first magnitude will require to 
be removed to 362 times its distance, to appear no larger 
than one of the twelfl;h magnitude. It follows, therefore, 
that among the countless multitude of such stars, visible 
in telescopes, there must be many whose light has taken 
at least a thousand years to reach us ; and that when we 
observe their places, and note their clianges, we are, in 
fact, reading only their history of a thousand years^ 
.date, thus wonderfully recorded." Should such a star be 
struck out of existence now, its light would continue to 
stream upon us for a thousand years to come ; and should 
a new star be created in those distant regions, a thousand 
years must pass away before its light could reach the 
solar system, to apprise us of its existence. 

860. What snppoBition and conclusion ? Scriptnre qnotation f 
S51. DUtanoes of the ncare«t stars? Time for light to travel OT«r HM 
space I Snppoaitiona and oonoloaiona of I>r. Hersdittl f 
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352. From what we have already said respecting tlie 
almost incouceivabb distances of the fixed 6tai*8, it will 
readily be inferred that they must be bodies of great 
ma^nitnde, in order to be visible to us upon the ea^th. 
It IS probable, however, that " one star differeth from 
another" in its intrinsic splendor or " glory," although 
we are not to infer that a star is comparatively small be 
cause it appears small to us. 

353. The prevailing opinion among astronomers is, 
that what we call . the fixed stars are so many ^ims and 
centers of other systems. From a series of experiments 
upon the light received by us from niiiiiiii^iMMHBBljjJ 
JIIJIlJHHHjlJ^ it is concluded that if the sun were re- 
moved 141,400 times his present distance from us, or 
to a point thirteen billions of miles distant, his lieht 
would be no stronger than that of Sirius ; and as Sinus 
is more than twenty billions of miles distant, he must, 
in intrinsic magnitude and splendor, be equal to two suns 
like ours. Dr. Wollaston, as cited by Dr. Hersehel, con- 
cludes that this star must be equal in intrinsic light to 
nearly fourteen suns. According to the measurements 
of Sir Wm. Hersehel, the diameter of the star Vega in 
the Lyre is 38 times that of the sun, and its solid con- 
tents 54,872 times greater 1 The star numbered 61 in 
the Swan is estimated to be 200,000,000 miles in di- 
ameter. 

354. Sir John Hersehel states, that while making ob- 
servations with his forty-feet reflector, a star of the first 
magnitude was unintentionally brought into the field of 
view. " Sirius," says he, " announced his approach like 
the dawn of day ;" and so great was his splendor when 
thus viewed, and so strong was his light, tnat the great 
astronomer was actually driven from tne eye-piece of his 
telescope by it, as if the sun himself had suddenly burst 
upon his view. 

852. What inference from the |^at dUtanee of the stars f What proba* 
bility as to the real mafrnitud« .f the stars ? 

858. The prevailinjyr opinion among astronomers ? Conclnsions from ex- 
periments with Sirius? Mafirnitude of ^egaf Of No. 61 in the Swan? 
. 854. Incittept stated bj I)r. Hersoliell (Belative light ot* Uifi stars ot thfl 
first six muguitudea I) 
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AccordlBfr to Sir Wm. Henchel, the nlatlye U^bt of th« stars of tho flnt six ma(Oif- 
tad«s iB SB follows : 

Light of ftstarof theayerago Ist magnitude 100 

5 - •* M •* 25 

•• « " 3d •• 12 

» « « 4th •• 6 

. • « " 6th * 8 

• * 6th * 1 
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CHAPTER II. 

DKSCBIPTION OF THB CONSTELLATIONS. 

355. Althouoh this work is designed particularly to 
illustrate the mechanism of the heavens, as displayed in 
the solar system, we are desirous of furnishing the 
learner with a sufficient guide to enable him to extend 
his inquiries and investigations not only to the different 
classes of lx)dies lying beyond the limits of the solar 
system in the far off heavens, but also to the constellch 
tions^ as such. For this purpose, we shall here furnish 
a brief description of the principal constellations visible 
in the United States, or in north latitude; by the aid of 
w^hich, the student will be able to trace them, with very 
little difficulty, upon that glorious celestial atlas which 
the Almighty has spread out before us. 

If th« student will be at the tronble to IdenttfV the oonRteDatlons by the aid of these 
descrtptionii. and without the aid of charts, it will give him a practical fainillaritv with 
the heavens wliich can be acanired In no other way. Indeed, tliis exercise Is imllspen- 
sable to a coiniwtent knowleiiire of sidereal astronomy, even where maiM of the constel- 
lations are Uiied. Let all students, therefire, embrace every fiivorable opportunity for 
looking np the constellations. 

Those who wish to study their mythological hUtory will consult the anthor^s edition 
«f the ** Geog/^phf of Ihs HmwiM,"^ by E. H. Burritt— the most reliable and popular 
work u[ion this subject In the English Unguage. 

356. Of the noitwre and origin of the constellations 
we have already spoken, at 843. Their tbrmati«in has 
been the work of ages. Some of them were known at 
least 3,000 years ago. In the 9th chapter of Job, we 

856. Principal deaign of this text-book! What further object! What 
done for this purpose ! (Substance of note !) 

856. What aaid of the fomuUAim of the oonstellaaoiu ! Antlqoltjf 
Scripture aUosiona! 
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read of ** Arctunis, Orion, and Pleiades, and the cham- 
bers of the south ;" and in the 38th chapter of the same 
book, it is asked^ " Canst thou bind the sweet influences 
of Pleiades, or loose the bands of Orion ? Canst thou 
bring forth Mazzaroth in his season ? or canst thou guide 
Arcturus with his sons ?" 

357. The constellations are divided into ancient and 
modem. According to Ptolemy's catalogue, the ancients 
had only 48 constellations; but being found convenient 
in the study of the heavens, new ones were added to 
the list, composed of stars not yet made up into hydras 
and dragons, till there a^ now scarcely stars or room 
enough left to construct the smallest new constellation, 
in afi the spacious heavens. The present number, 
according to the catalogue of the Observatory Eoyal of 
Paris, is 93. 

358. The constellations are further diyided into the 
2^diacal^ Northern^ and Southern, The zodiacal con- 
stellations are those which lie in the sun's apparent path, 
or along the line of the zodiac. The northern are those 
which are situated between the zodiacal and the north 
pole of the heavens ; and the southern^ those which lie 
between the zodiacal and the south pole of the heavens. 
They are distributed as follows — viz., 12 zodiacal, 35 
iiorthern, and 46 southern. 

Tills division is convenient for reference : bat in tracing the constellations in th« 
heavens, or upon a map. it is better to begin with those that are on or near the meri'iian, 
and proceed eastward, taking nortliern and sontlit^rn togetiier, so far as tlicy are !i. « lew. 
And where classes in astronomy are orgunize<l during the fall months, it will bo found 
Advantageous to begin with the constellations that are in view at seasonable boars during 
tliose months. 

359. In consequence of the eastward motion of the 
earth in its annual revolution, the constellations rise ear- 
lier and earlier every night; so tliat if an observer were 
to w^atch the stars from the same position for a whole 
year, he would see each constellation, in turn, coming to 
the meridian at midnight (or at any other hour fixed 

857. How are the constellations classified ? How many of eacn ? In all ? 

85S. How further dasAified ? Describe each. How many of each ? ( W^luit 
Mid in note ?) 

859. What said of the riting of the constellations ? How proceed in do> 
Mfibing and tracing ? 



174 ASTRONOMY. 



upon), till he had seen the whole panorama of the heav- 
ens. Beginning, therefore, with the constellations that 
are on or near the meridian at 9 o'clock, on the 15th ot 
November, and ^oing eastward, we shall now proceed 
with our description of the constellations. 

OCTOBEE, NOVEMBER, AND DECEMBER. 

X 360. Andromeda. — Almost directly over head, at 9 
oxlock, on the 15th of November, may be seen the (con- 
stellation Andromeda. The figure is that of a woincm 
in a sitting posture, with her head to the southv/est. 
Andromeda may be known by three stare of the second 
magnitude, situated about 12^ apart, nearly in a straight 
line, and extending from east to west. The middle star 
of the three is situated in her girdle^ and is called 
Mirach. The one west of Mirach is Alpheratz^ in the 
head of Andromeda; and the eastern one, called Al- 
maak^ is in her U ft foot The star in her head is in the ^ 

equinoctial col lire. Tlie three largest stars in this con- 
stellation are of the second magnitude. Near Mirach, 
are two stars of the third and fourth magnitudes, and the 
three in a row constitute the girdle. 

This constellation embraces 66 stars, of wbich tliree are of tlie 2d magnitude, two of 
the dd, and the rest small. Aixiut 2<^ fVoni v, at the northwestern extremity of tho 

firdte, is a rcmarkaMe cluster or nebula of very minute stars, and the only one of thu 
ind wiiich is ever visible to the naked eve. It resembles two cones of light, Joined at 
their base, about S° In length, and ^^ in breadth. 

"^61. Pegasus {the Flying Ilorae). — ^Tlie figure is the ^~ 

I' ' ' head and fore parts of a horse^ with wings. The three ^^f^~^ 

^ principal stars are of the 2d magnitude — viz., Algenib^ ±^^ 
about 1 5° south of Alpheratz, in Andromeda ; Marhab^ j 
J '. about 18° west of Algenib; and Skeat^ 15° north H)f/ 
' "^ Markab. These three, Mith Aipherat in Androinedji,r 
'^ form what is called the Square of Pegasus. The headj 
of the figure is to the scutliwest, almost in a line with*\^ 
^ Algenib and Markab, and about 20° from tlie latter. \^ 



1 



860. Constollution» on the merii^ian, in what months tnken up? An^ 
dronie4la — wlicro Hituated^ Figure? PoKition ? Uow known? N«»nie 
prinoipiil stars, (llow many stars in constellation? What cluster, tend 
«rhere i) 

861. Figure of PegaBus? Principal stars? How situated? Fonr'ng 
irhat ? How the horse situated ? His head where 



DBBOBIFnON OF THE OOiraTELLATIONB. 175 



363. PisOES (the Fishes) .consists of two fishes, distin- 
guished as the fMrthem and western^ connected by an 
irregular line of staro. 

The Western Fish is situated directly south of the 
square of Pegasus — is about 20° long, with its head to 
the west It includes a number ox small stars, just 
south of Pegasus. 

The N'orthem Fish is about the same size, with its 
head near Mirach in Andromeda, and its body extending 
to the south. This, also, includes small stars only, and 
is by no means conspicuous. 

Th^fleocwre or riboan^ uniting the tails of the northern 
and western fishes, extends eastward from the latter, from 
6tar to star, till it comes opposite the former, when it 
turns to the north, taking several small stars in its way, 
till it joins the noithern fish. 

363. Aquabius (the Water-bearer) is represented by 
the figure of a man in a reclining posture, with his heaa 
to the northwest. Its four largest stars are of the third 
magnitude. It is situated directly south of the head of 
Pegasus, and from 5° to 30° north of a star of the fii-st 
magnitude, in the southern fish. Three of the principal 
stars of Aquarius are near each other in the water-pot 
which he holds in his right hand. 

364. Precis AcsTSAUs (the Southern Fish) is situated 
directly south of Aquarius. Its largest star is Fomal- 
hcmt^ of the 1st magnitude, which constitutes the eye of 
the fish. The body extends westward about 20°. 

365. Gbtjs (the Crane) is situated directly south of the 
southern fish, with its head to the north. ]!t is composed 
of a few stars only, of the fourth magnitude. As it is 
45° south of the equinoctial, it appears low down in the 
south to persons situated in the Middle or Eastern States. 

366. Thb Phosnix is about 25° east of the Crane. It 

862. BesoribePMeM. The Weatera Fifth ? The Northern f Flexure! 
868. Figure of ^^tMiritM / Largest stars ? Situation and exteut? Fur- 
ther description. 

864. Pisces AiutraUe^atgeat star ? Situation of figure f 

865. Gru9 — how situated! Where? Composition? 

866. Situation of the Fknnixf Principal stars t 
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has two stars of the 2d magnitude, about 12^ apart east 
nnd west. The most western of these, in the neck of the 
bird, is about 25° southeast of Fomalhaut, in the Soutli- 
era Fish, The other stars of the figure are of the 3d 
and 4th magnitudes. -*5— 



rjL^'l ^3^)7. Cassiopeia (the Queen). — About 30® northeast Q^. ' N. 
^icix. ,;y/;^ Andromeda is Cassiopeia. The figure is that of a woman ^X^"^ - 
:^.i(^ 2^ sitting in a chair ^ with her head from the pole, and her ^ 



/ f^ yjJ^^y ^^ *^® Milky Way. Its four largest stars are ofjl 



^ ^><^lie 3d magnitude. 

'* ^68. Peeseus (the King). — ^Directly north of the 

" seven stars," and east of Andromeda, is Perseus. The 
figure is that of a man with a sword in his right hand, 
and the head of Medusa in his left. Algols a star of the 
2d magnitude, is about 18° from the Pleiades (or seven 
stars), m the head of Medusa ; and 9" northeast of Al- 

fol is Algenib^ of the same magnitude, in the back of 
^erseus. It embraces four other stars of the third mag- 
nitude, besides many smaller. ^ ^ 

369. MusoA (the Fly) is about 12° south of Medusa's 
head. It is a very small constellation, embracing ono 
star of the 2d magnitude, two of the 3d, and a few 
smaller. 



" ^70. The Triangles include a few small stai'S, about- y ' "^ 

half-way between Musca in the southeast, and Mirach in ^ X . 
Andi^omeda in the northwest. Its two principal ^^arq ^ 4cf' ^v 
are of the 3d magnitude. 

"371. Abies (the Ram). — ^The head of Aries is aboulT "^ 

10° south of the Triangles. It may be known by two ^ 

stars about 4° apart, of the 3d and 4th magnitudes. The ^ 
most northeasterly of. the two is the brightest, and is 
called a Arietis. The back of the figure is to the north, 3. ^ 

and the body extends eastward almost to the Pleiades. "^ 

867. VfYitTQiR Oas«u>peiaf Fieure? Situation? Largest stars ? 
S68. Perseus— ^giiTQ f Two principal stare ? Names ? Situation ? Ma^ 
nitude ? 

869. Where is Musca f Size ? Composition ? 

870. The Triaiigles — where ? Principal stars ? 

871. Where is Aries t How known? Which of two principal staib 
brlf^hteat If Name ! How figure situated ? Extent ? 
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872. Cetus (the Whale). — ^Directly southeast of Ari- 
etis, and about 25° distant, is Menka/r^ a star of the 2d 
magnitude, in the mouth of Cetud. This is the largest 
constellation in the heavens. It is situated below oi 
south of Aries. It is represented with its liead to the 
east, and extends 50*^ east and west, with an average 
breadth of 20°. The Jiead of Cetus may. be known by 
five remarkable 8tai*s, 4° and 5° apart, and so situated as 
to form a regular pentagon, or five-sided figure. About 
40° southwest of Menkar, is another star in the body ot 
the figure, near which are four small stars nearly in a 
row, and close together, running east and west. 

Passing eastward, we next ti^e the constellations that 
are on the meridian in 

JANUARY, FEBRUARY, AND MARCH. 

V 373. Taurus (the Bull) will be readilv found* by the 
seven stars or Pleiades^ which lie in his neck. The 
largest star in Taurus is Aldd>aTom^ in the BulPs eye, a 
star of the first magnitude, of a reddish color, somewhat 
resembling the planet Mars. Aldebaran, and four other 
stars in the face of Taurus, compose the Hyadea. They 
.are so placed as to form the letter V. 

^ 374. Orion lies southeast of Taurus, and is one of the 
most conspicuous and beautiful of the constellations. The 
figure is that of a man in the act of assaulting the bull, 
with a sword in his belt, and a club in his right hand. 
It contains two stars of the first magnitude, four of the 
. second, three of the third, and fifteen of the fourth. Be- 
j "^ telguese forms the right, and BeUoatryB the left shoulder. 
A loose cluster of small stars forms the head. Three 
small stars, forming a straight line about 3° in length, 
constitute the hdt^ called by Job " the hands of Of^imi^ 
They are sometimes called the ITiree Kings^ because 
they point out the Hyades and Pleiades on the one hand. 

872. Cetus — what star pointod out ? Sizo of constellation ? Situation 
Extent? How know its head? Wliat otlicr star pointed out I Wli-'Ucuu« 
Stellations next deticribod in order ? 

878. Taunts — how found? Largest fitar ? Hyades? 

87i. (>n<Mir*<iituatiou f ChaTttetorf Fiji^uruf Compoultioaf 
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and Sirins on the other. A row of very small stars runs 
down fi-om the belt, forming tlie nword. Tliese, with tlie 
stare of the belt, are sometimes called tlie Ell and 
Yard. Mintaka^ the northernmost star in the belt, is 
less than J° south of the equinoctial. Migel^ a bright 
star of the first magnitude, is in the left foot, 15° south 
of Bellatrix ; and Saiph^ of the third magnitude, is situ- 
ated in the right knee, 8^° east of Bigel. 

375. Lepus (the Hare) is directly south of and near 
Orion. It may be known by four stars of the third mag- 
nitude, in the form of an irregular square. Zeta^ of tht) 
fourth magnitude, is the first star, situated in the back, 

'- and alxjut 5° south of Saiph in Orion. About the same 
distance below Zeta are the four principal stars, in the 
legs and leet. 

376. CoLCMBA NoAcni (Noah's Dove) lies about 16® 
south* of Lepus. It contains but four stai-s, of which 
Phaet is the brightest. It lies on the right, a little 
higlier than Beta^ the next brightest. This last may be 
known by a small star just east of it. 

377. Eridands (the River Po) is a large and iiTegular 
constellation, very diflicult to trace. It is 130° in length, 
and is divided into tlie rwrthem and southern streams. 
The former lies between Orion and Get us, commencing 
near Rigel in the foot of Orion, and flowing out westerly 
in a serjxjntine course, near 40°, to the Whale. 

" "", 378. Canis Major (the Greater Dog) lies southeast of 

"^ ' ^ Orion, aiid may be readily found by the brilliancy of il« 

principal star, aS^/^W. This is the largest of the fixed 

'^ ^ stars, and was once supposed to be the nearest to the 

solar system. Several others are now supposed to bo 

-jie^rer. 

379. Argo Navis (the Ship Argo) is a large and 
splendid constellation southeast of Sirius, but so low down 
In the south that but little of it can be seen in the United 



875. Wlicrcis Xfp//«^ How known? Dcsci 

876. OoLundta ^'ttachi — situutioii ? Coniposit'u 

877. DeMcribe i.VM/a;iv«. Lenirtli? DiviHioi 



Describe. 

. <ition ? 

Length? DiviHiou? Situntlont 

87%. Where it Carnvt Mujj<n' aitmrtcd ? Itow found ? WhntV &r%Mf 
87U. Dcscribo Aran Xavis. Wlicrn *itnjitetU Principal f^hxhs and w'jcrof 
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States. It lies southeast of Canis Major, and may be 
known by the stars in the prow of the ship. Marktb^pi 
the fouith nuignitude, is 16*^ southeast of Sirius. Nao» 
and y, still further south, are of the second magnitude, 
and Caiiopu8 and Miapldddua of the first. 

7" /"^"^SSO. Canis Minor (the Lesser Dog) is situated about 

/X^ / 25° northeast of Sirius, and between Canis Major and 

i^^^Cancer. It is a small constellation, having one star, 

Procyon^ of the 1st magnitude, and Gromdza^ of the 2d. 

381. MoNOCBBos (the Unicom). — ^A little more than 
lialf way from Procyon to Betelguese in Orion, are three 
stars in a row, about 4° apart, and of the 4th magnitude. 
They extend from northeast to southwest, and constitute 
the face of Monoceros. His head is to the west, with 
Canis Minor on his back, and his hind feet about 25° 
8outhefi.8t of Procyon. It is a large constellation, with 
but few stars, and those mostly small. 

382. Hydra (the Water SerpentV— About 20'' east of 
Procyon are four stars of the tburtn magnitude, situated 
about 4° apart, and so as to form a diamond; the longer 
axis running east and west. These constitute the hmd 
of Hyd/ra^ wnich points to the west. The figure extends 
to the south and east more than 100°, takmg in an ir- 
regular line of stars of the 3d and 4th magnitudes. The 
largest star is about 15° southeast of tlie head. It is of 
the^ 2d magnitude, and is called Alpkard. 

383. Canobr (the Crab^ is the least remarkable of the 
zodiacal constellations. It is situated about 15° north of 
the diamond in Hydra. It has no stars larger than the 
3d magnitude, and is distinguished for a group of small 
stars called the Nebula of Cancer, which is often mis- 
taken for a comet. A common telescope resolves this 
nebula into a beautiful assemblage of bright stars. 

384. Gemini (the Twins) may be known by two bright 

880. CaniA Minor — where ? Describe. 

881. ^\iQTQ\A Mimocermf How situated? Composed? Cliaracter? 

882. Where is the head of Hydra t How formed? Extent and position \ 
Largest star? 

888. Describe Cancer, Situation? Composition? For what diatin- 
riiftbedf 
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. Btars of the 2d magnitude — one in the head of efich 

K /cc-OTit figure. They are about 6° apait ; the northeasterly one, 

I V>vt *^^ the brightest of the two, being about 25** due north 

; . of Procyon. This i&PoUux; and the other one is called 

'hu^ Castor, The bodies of the Twins extend from Castor 

'/. , X v and Pollux about 15° to the southwest, or toward Betel- 

_ _guese, in the right shoulder of Orion. 

** This conBtellstionf^ says Dr. Adam Clark, ** was deemed propitions to mariners :** 
and on tliis aceonut, the ship in which St. Paul sailed fi-um Alexandria (Acts xxviii. U) 
bud the sign of Castor and Pollnx. 

385. Herschel's Telescope coviers two stars of the 5th 
magnitude, near each other, and about 10*^ north of Cas- 
tor ; and one other star of the same magnitude, about 
10® northwest of the two first named. It is a small affair 
to immortalize Herschel's grand telescope. 

386. The Lynx is situated between Gemini and Can- 
cer on the south, and the Pole in the north, the head 
being to the northwest. It has no stars larger than the 
4:th magnitude, and these are in two pairs — the first 15° 
northeast of Cancer, and the other 30° north of it. It is 
a loose and tame constellation, with nothing stiiking or 
peculiar by which it may be identified. 

387. Camelopardalus (the Camelopard) extends from 
Perseus to the Pole. This, too, is a tame and uninterest- 
ing constellation, with but few stars in it, and those of 
the 4th magnitude, or less. The hind feet of the figure 
touch the ifilky Way, and the head is composed of two 
stars of the 5th magnitude, 5° and 10° from the Pole 
star, toward the " dipper" in the Great Bear. 

We now pass eastward to constellations that are on the 
meridian in 

APRIL, MAY, AND JUNE. ^'--^^^...^^^ 

' \i^ 388. [Jrsa Major (the Great Bear) is one of Tne most 
•^conspicuous in the northern heavens. It may be known 

384. Gemini — how known ? Ntimes and Bituation of principal stara ? Of 
figures? (Note.) 

885. IlerwheVs Telescope — ^where? Character? 

886. Situation of the Zyrio;/ Position? Character? 

SS7. Fo:s>\iion of Camflitpardalisf Extent? Character? Where the feet? 
The head, and how composed? What range of con2»tcUatioua next do. 
scribed ' 
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by tlie figure of a large dipper^ which constitutes the 
ninder part of the animal. Tnis dipper is composed of 
seven stars. The first, in the end of the handle, is called 
Benei/ndsh^ and is of the 2d magnitude. The next is 
Miza/r^ known by a minute star almost touching it, called 
Alcor. Mizar is a double star. The third in the handle 
is Alioth, The first star in the bowl of the dipper, at 
the junction of the handle, is Megrez. Passing to the 
bottom of the dipper, we find PJwd and Merak^ while 
DiJjIie forms the rim opposite the handle. Merak and 
Dubhe are called the Pmnters^ because they always point 
toward the Pole star. The head of the Great Bear lies 
far to the west of the Pointers (apparently ea^t when 
seen hdow the Pole), and is composed of numerous small 
stars ; while ik^feet are severally composed of two small 
stars, very near to each other. Megrez in Ursa Iklajor, 
and Caph in Cassiopeia, are almost exactly opposite each 
other, on difierent sides of the Pole star, and about 
equally distant from it. They are both in the equinoc- 
tial colure. 

389. Leo (the Lion). — About 55° southwest of the 
Pointers is liegulus^ a star of the 1st magnitude, in the 
breast of Leo. This star is situated directly in the 
ecliptic. The Jiead of the figure is to the west, the back 
being to the south. North of Regulus are several bright 
stars, in the form of a sickle^ of which Regulus is the 
handle. Denebola is a bright star of the 2d magnitude, 
in the Lion's tail, about 25° northeast of KegiiTus, and 
35° west of Arcturus. 

390. Leo Minor (the Lesser Lion) is a small cluster 
of stars, of which one is of the 3d, and others of the 5th 
magnitude, about half way between Regulus and the 
Pointers. The head of the figure is northwest, and the 
principal stare form the body in the east, and the fore 
paws, which are extended to. the west. 

888. Describe Ursa Major, How known? Names of principal Btaral 
Wliich are the Pointers t What said of Megrez and Goph f 

Sny. Where is /fe^a^/ In what constellation ? How situated? Ma^rni- 
tnde? How Leo placed? Where is the dcklef How constituted? Where 
is Denehola t 

890. Describe Lto Mifu^r. Where and how sitnatcd ? 

16 

Ay 
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391. Coma Berenices (Berenices' Hair) is a beautiful 
cluster of small stars, about 20^ noitheast of Deuebola, 
and half way from Leo Minor to Arcturus. It has but 
one star as large as the 4th magnitude. 

392. Cob Caroli (Charles's Heart) is a bright star oi 
the 3d magnitude, about 12° north of Coma Berenices. 
The figure includes sevei*al other stains, east and west, of 
the 5th magnitude. 

393. Bootes (the Bear-driver) is directly east of Coma 
Berenices. The figure is that of a man, with his head 
toward the Pole, and Arcturus^ a star of the Ist magni- 
tude, in the left knee. The other stars are of the 3d and 
4th magnitudes. Three small stars, forming a triangle, 
and situated 15° northeast of Arcturus, mark the right 
hand of the figure ; while two stars of the 3d and 4th 
magnitudes, and still further north, mark his shouldere. 
The head is marked by Neklca/r^ another star of the 3d 
magnitude. 

394. Vmoo (the Virgin) lies directly south of Coma 
Berenices and Bootes. The figure is that of a woman 
with wings, with her head to the west, near Denebola in 
Leo ; and her feet about 40° to the east. Spica^ the prin- 
cipal star, is of the 1st magnitude, about 35° southwest 
of Arcturus. 

395. Crater (the Cup) is composed of six small stars 
30° west of Spica. The largest is of the 4th magnitude. 

396. CoRvus(the Crow) is still nearer, being only 15° 
southwest of Spica. It has two stars of the 3d magni- 
tude, and three of the 4th. 

397. Libra (the Balance) is about 25° east of Spica. 
It has two stars of the 2d magnitude, about 10° apart, 
which, with two others of the 3(1 magnitude southeast ol 

891. Ooma Berenices — character? Silaation? 

81)2. Cor Gorvli — principal star I Situation ? 

898. Vi\\e,TQ\» Bootes f Figure? Position? Principal stars ? 

894. Where is Rrgre? situated ? Figure? Position? Principal stars 9 

. 895. Crater — how situated ? Largest star ? 

896. Oorvis — where ? Composition ? 

897. Wl^ere is Libra f Composition ? 
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tbcm, form a small quadrilateral figure. Its few remain- 
ing stars are at the east, and of the 4:th magnitude. 

398. Centaubus (the Centaur) is a fine compact con- 
stellation about 30° south or southeast of Spica. It has 
nine stai^ of the 3d magnitude, mostly in the head of 
the figure. It is too low m the south to be visible in the 
United States, except when near the meridian. 



i 




JULY, AUGUST, AND 8EPTEMBRB. 

399. Ubsa Minob (the Lesser Beai) is composed of a 
few stars near the north pole of the heavens, and niostlj 
of the 3d and ith ma^^nitudes. Tlie back of the fimue 
IS toward the pole, with its head to the west. Tlie yde 
ftoTj of the 2a magnitude, is in the extremity of its tail. 

400. Dbaoo (the Dragon) is an irregular serpentine con 
stellation, embracing a large circuit in the polar regions. 
He winds round between the Great and Little Bear, and, 
coilimencing with the tail, between the Pointers and Pole 
star, is easily traced, by a succession of bright stars 
extending from west to east. Passing south of Ursa 
Minor, around nearly to Cepheus, it returns westward, 
and terminates in four stai-s, which form the head, near 
the foot of Hercules. These tour stars are 3°, 4°, and 5° 
apart, so situated as to form an in*egular square ; the two 
upper ones, Etands and liastaberij being the brightest, 
and both of the 2d magnitude. 

401. Hebcules (the Giant) is a large, but not very 
striking or conspicuous constellation. Tne figure is that 
of a giant, with a large club in his right hand, and a 
hydra in his left. The nead of the figure is to the south, 
and the whole is composed of stars from the 2d to the 4th 
magnitude. This constellation is thickly set with stai's, 
the largest of which is called lidsalgethi^ in the head 



898. Describe Gewtaums, Position ? Composition ? 

899. Urw, Minor — position ? Principal star ? 

400. Draeo — position? How traced? Wliero head? How composed? 
Form wliat ? 

401. /fere«2e«^figare? Situation? Composition? Principal star? Nam- 
jorcfgtars? 
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ot the figure, and is of tlie 2dr magnitude. It has nine 
v^ stars ol' tl^fa^d magnitude, and 19 of the 4th. 

X 402/'Uok6naBorealis (the Northern Crown) is about 

^ 15° west of the middle of Hercules. Its principal star 

. is Alp/iacca^ a bright star of the 2d magnitude, alx)ut 

TF 20° northeast of Arcfurus. About the same distance, 

directly east of Arcturus, is a small group of stars, which 

■^ constitute the head of the Serpent. 

"^ 403. Scorpio (the Scorpion) is one of the most interest 

ing and splendid of the constellations. It is situated 
about 45° east of Spica, adjoining Libra. The head ot 
the figure is composed of five stars — one of the 2d, and 
the others of the 3d magnitude — ^forming an arc of a cir- 
cle convex to the west. The largest of these five stars is 
in the ecliptic, and is called GraffidB, About 9° south- 
east of Gra£Sas is Antarea^ a star of the 1st magnitude, 
in the body of the figure, and of a reddish color. A 
number of bright stai-s of the 4th magnitude extend to 
the southeast into the Milky Way, and then curve aix)und 
to the east and north, forming the tail of 8coi*pio. 

404. Lupus (the Wolf) consists of a small gi'oup of 
stars, about 15° southwest of Antares. The head of the 
figure is to the north. 

405. Serpentarius (the Sequent-bearer) is a large but 
uninteresting constellation, between Scorpio on tlie south, 
and Hercules on the noith. . The figure is that of a man 

f rasping a serpent, the head of which has already been 
escribed (402). The folds of the serpent may be traced 
by a succession of bright stars extending for some dis- 
tance to the east. The principal star in Serpentarius is oi 
the 2d magnitude, ana is called lias AlJidgue. It la 
situated in the head of the figure, and within 5° of Ra- 
salgethi, in the head of Hercules. The feet of the figure 



402. Chrrmi BoreaU»—\oQmo\\% Principal star? What other group ol 
•tars mentioned ? 

4<)8. Describe Swrpio.* Situation? Composition? Largest star in head • 
What other large ntar i Postition and composition of tail i 

404. Lepus — conifiosition ? Position i 

mh, SerpttUariu* — »ituatiou I Figure ? Principal star? Situation I 
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redt upon Scorpio, and the right shoulder touches the 
Milky Way. ^ 

^406. Lyea (the Harp) is a small constellation IS^^ast X^ ;^ 
Hf Hercules. Its principal star is Vega^ of the Ist mag- 
nitude, one of the brightest stars in the northern hemi- 
sphere. It has two stars of the 3d magnitude, and sev- ^ ^ 
eral others of the 4:th. 

^|< 407. Cyonus, (the Swan) is situated directly east of 
Eyra. Three bright stars, which lie along the Milky 
Way, form the aodj/ and neck of the Swan, running v- ^ 

northeast and southwest ; and two others, at right angles, 
in a line with the middle one of the three, constitute the \ 
wings. These five stars form a large cross, Arided^ nir ^ 

the body of the Swan, is a star of the 1st magnitude,^ 
and the remaining ones of the constellation are of the 
3d and 4th. 

408. The Fox and Goose is located just south of Cyg- 
nus, with the head to the west. It is a small constella- 
tion ; the two principal stars of which, of the 2d magni- 
tude, form the heaa of the Fox. Most of the figure is 
in the Milky Way. 

409. Aquila (the Eagie) is still south of Cygnus and 
he Fox. It is conspicuous for three bright stars in its 

neck, of which the central one, Altair^ is a brilliant 
white star of the first magnitude, just east of the Galaxy. 

j/410. DELPfflNus (the Dolphin) is a beautiful little clus- 
tCT of stars, 15° northeast of the Eagle. It may be 
known by four principal stars in the nead, of the 3d 
^magnitude, arranged in the figure of a diamond, and 
pointing northeast and southwest. A star of the same 
magnitude, about 5° south, makes the tail. 

411. Antentous lies directly south of Aquila, his head 
being near Altair, and the body and feet to the south- 
west. Two stars of the 3d magnitude constitute the right 

406. Lyra — situation ? Principal star ? What others ? 

407. C^r^wi^^f— situation ? Composition? 

408. Fox and 6=oom— location ? Position of figure ? 

409. Aquila — where ? For what conspicuous f 

410. Describe Delphintit. How known ? 

411. Aitoniu»—-&ituAtXoix1 How placed ? Composition! 

It)* 
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arm, and several smaller ones make the bow and arrows 
held in his hand. 

412. SAonTABius (the Archer) lies next to Scorpio, and 
may be known by three stars in the Galaxy, arranged in 
a curve, to represent the how of the archer. The central 
star is the bnghtest, and has a bright star directly west 
of it, forming the bead of the a/rrow. The head and 
chest of Sagittarius are just east of the Milky Way, be- 
tween the tail of Scorpio and the head of Capricornus. 

418. Capbioorxus (the Goat^ is situated about 20° 
northeast of Sagittarius. The nead of the figure is to 
the west, and is composed of two bright stars, of the 3d 
magnitude, and about 4° apart. There is a smaller star 
between them, and several still smaller close around 
them. 

'414. Cbux (the Cross) is a brilliant little constellation, 
but too tar south to be visible to us at the north. It con- 
sists of four princfpal stars — ^namely, one of the 1st, two 
of the 2d, and one of the 3d magnitude. 

BesidM these, there are several fine constellations about the south pole of the heav- 
ens, as the AUar^ the Peacock^ Oharl€8''s Oai\ Ac ; but as tliey cannot be traced from 
the Utitades in which this book will be used, it is thought not Important to descrilxi 
them. 

412. Sagittari'iu — ^where ? How known ? 
418. Oupricomus — where ? Fositioa of figure ? Composition ? 
414. Orux — describe. Composition f ^What said of south oiroompoliv 
eonstellatioDs ? Names ! Why not descrioed I) 
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CHAPTER III. 

lOUBLX, VARIABLE, AND TEMt»ORARY STARS, BINARY SYSTEMS, XTO 

415. Many of the stars which, to the naked eye, ap- 
pear single, are found, when examined by the aid of a 
telescope, to consist of two or more stars, in a state oi 
near proximity to each other. These are called DtnJble 
Sta/rs, When three or more stars are found thus closely 
connected, they are called Triple or MvliApU Staa^a. 

416. Double and triple stars are supposed to be consti- 
tuted in two • ways — ^first, by actual contiguity ; and 
secondly, where they are only near the same line of 
vision, one of the component stars being far beyond the 
other. In the former case, they are said to \y% physically 
double, from the belief that they are bound together by 
attraction, and that one revolves around the other ; while 
i .1 the latter case, they are considered as only optically 
double. 

WtAM OPnOALLT DOVBIA 

Apputnt pMttioni. True pMitiena, 

.^ — I . ■ . . .-|^ 

^ B 

Here the obaenrer on the left sees % larse and smairstar at A, apparentiy near toge- 
ther — the lowest star being much the sinaUest But instead of their being sitaatod as 
Uiey appear to be, with respect to each other, the true position of the smaller star may 
be at B instead of A ; and the difference in their apparent niagnitades may be wholly 
owing to Uie greater dlstanoe of the lower star. 

Upon this subject Dr. Uerschel remariu, tliat this nearness of tlie stars to each other, 
in certain cases, might be attributed to some accidental cause, did it occur only in a few 
Instances ; but the frequency of this companiunsliip, the extreme closeness, and, in 
many cases, the near equality of the stars so conjoined, would alone lead to a strong 
mspidon of a more near ana intimate relation than mere casual Juxtaposition. 

415. What said of doable, triple, and multiple Btare ? 

416. How are they sappotted to be constituted? How diatingnished 
(lUuatrate by diagram. Keinork of l>r. Herschel? How many speoimei 
of doable stars ^veu ?) 



A8TRONOUY. 

» undint ui IdH of tlie Iclescoplc ippaanuKW of ae 



^ 417. A is a double star in Ursa Minor, commonly 
known aa the Pole star. It conBiets of a star of the 2a, 
and another of the 9th maenitnde, situated about IS" 
apart, or about four times tne diameter of the larger 
star. They are both of a silvery white. It requires a 
pretty good telescope to show this star double; henee it 
18 considered a very good teat object by which to ascer- 
tain the qualities of a telescope, especially of tlie low- 
priced refractors. 



rem^lDg ulwwpa, miDufaatunil bf Mr. Hauiy nil, Haw Titt, 

418. E ia a view of the double star Castor, in the 
Twins. The stars are of a greenisli white, ol the 3d and 
4th magnitudes, and about 5", or two diameters of the 
principS star, apait. This also is considered a good 
test object. Through ordinary telescopes, the stars seem 
to be in contact; but with tliose of iiigher power, they 
appear fairly divided. These stars constitute what ia 
called a Binary System. 
"^ 419. ia a representation of Misar, the middle star, 
in the tail of the Great Bear. It may be seen double 
with a good spy-giaes. The stars are both of a greenish 
white, of the Sdand 4th magnitudes, imd'alwut 14" 
apart. Mizar has sometimes been Been without a cortv 
panion, and at other times it has been known suddenly 
to appear. THie companion is not Alcor, near Mizar, and 
visible to the naked eye, but a telesoopic atair. 

4IT. What IB Fl^. A in the cut r How oompaesilf Color) Howaeeat 
(t^emark of aiitlior In note 11 
418. i%. B-oolor 1 
*1». Fig. C— bow s< 
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420. T) is a view of the double star MintaJca^ the mid- 
dle star of the three forming the belt of Orion. The 
com|)onent stars are of the 4ti) and 8th magnitudes — the 
largest of a reddish hue, and the small one white. They 
are about 10" apait, or four times the diameter of the 
largest star. 

^421. E is a view of Rigd^ in the letTt foot of Orion. 
The components are of the 1st and 9th magnitudes, and 
about 10" apart. Their color is a yellowish white. 

y^422. F is a view of the bright star Vega^ in the Lyre. 
Its companion is a star of the 11th magnitude, situated 
about M)" distant. This is a close test ooject for an ordi- 
nary telescope. 

)( 428. Tiie number of doul)lo stars has been variously 
estimated. Sir William Herschel enumerates upwards 
of 500, the individuals of which are within 30" of each 
other. Professor Struve of Doipat estimated the num- 
ber at about 3,000 ; and more recent observations fix the 
number at nut less than 6,000. The great number of the 
double stars first led astronomers to suspect a physical 
connection by the laws of gravitation, and also a revolu- 
turn of star ai'ouud star, as the planets revolve around 
the suu. 

BINARY AND OTHER SYSTEMS. 

424. By carefully noting the relative distances and 
angular positions of double and nmltiple stai's, for a se- 
ries of years, it has been found that many of them have 
their periodic revolutions around each other. Where 
two stars are found in a state of revolution abi»ut a com- 
mon center, they constitute what is called a Biliary Sys- 
tem, These, it must be remembered, are the double and 
multiple stars, which appear single to the naked eye. 
Sir W. Herschel noticed about 50 instances of changes 
in the angular position of double stars ; and the revolu 

420. Fig. D — doBCiibe. Magnitude ? Color ? Difttance I 

421. Fig. E — placed Compoueuts ? Ditttuiice? Color? 
4^2. Fig. F>-companion ? 

428. Number of double stars ? Led to what ? 

42L MoiiouB of doable 8tun» ? What are Mimw^ tifUenu f 
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tion of some eightcfn of these is considered certain. 
Their periods vary from 40 to 1,200 years. 

426. The star numljered 70 in the Serpent-bearer fs a 
binary system. The periodic time of the revolving star 
is about 93 years. In the course of its revolution, the 
two stars sometimes appear separated, sometimes very 
near together, and at other times as one star. They are 
oi' the 5th and 6th magnitudes, and of a yellowish hue. 

y. 426. The star f, in the left hind paw of JTraa Mfimr 
is une of these stellar systems. The revolution of its 
component stars began to be noticed in 1781 : since 
which time they have made one complete revuiutiun, 
and are now (1853) some fourteen yeai-s on the second. 
Of course, then, their periodic time is about 58 years. 
Their angular motion is about 6° 24' per year. 

Dr. Dick snppoees these stani to be fw>ine 2UO,000,000,00() mileB apart; and upon the 
suppoeition that tho smaller revolves anxind the latter, computes its velocity to bt iiv 
less than 2,471,000 miles every nmir. Tbi9 would be 85 times the velocity of Japiuir 
and 28 times the velocity of Men!ury — ^the swiftest planet in the solar system. 

427. The star y in Virgo is another of these systems. 
It has been known as a double star for at least 130 years. 

V 

The two stars are both of the 3d magnitude, and of a 
yellowish color. The late E. P. Mason, of Yale College, 
estimated its period at 171 years. More recent observa 
tions and estimates by Madler give a period of 145 
yeare. 

428. " To some minds, not accustomed to deep reflec 
tion," says Dr. Dick, " it may appear a very trivial fact 
to behold a small and scarcely distinguishable point of 
light immediately adjacent to a larger star, and to be in- 
formed that this lucid point revolves around its larger 
attendant; but this phenomenon, minute and trivial as 
it may at first sight appear, proclaims the abtonisliing 
fact, tnat suns revolve arimnd sv/ns^ and systems arourid 
8yste7ns, This is a compamtively new idea, derived frum 
our late sidereal investigations, and forms one of the 

425. Describe 70 Ophiuclil ? 

426 What speoimeudeBcri bod? Period? Yearly angular motion f (Lr. 
Dick's remark ?) 

427. What other binary system? How long known? Cou'poneiitB I 
Period? 

488. i^uotatioii fipom Dr. Difilb 
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most sublime conceptions which the modem discoveriep 
of astronomy have imparted. 

429. "It undoubtedly conveys a very sublime idea, 
to contemplate such a ^lobe as the planet Jupiter — a 
body thirteen hundred times larger than the earth — re- 
volving around the sun, at the rate of twenty-nine thou- 
sand miles every hour ; and the planet Saturn, with its 
lings and moons, revolving in a similar manner round 
this central orb, in ^n orbit five thousand six hundred 
and ninety millions of miles in circumference. But how 
much more august and overpowering the conception of a 
sun revolving around another sun — of a sun encircled 
with a retinue of hu^e planetary bodies, all in rapid mo- 
tion, revolving round a distant sun, over a circumference 
a hundred times larger than what has been now stated, 
and with a velocity perhaps a hundred times greater than 
that of either Jupiter or Saturn, and carrying all its 
planets, satellites, comets, or other globes, along with it in 
its swift career 1 Such a sun, too, may as far exceed 
these planets in size as our sun transcends in magnitude 
either this earth or the planet Venus ; the bulk of any 
one of which scarcely amounts to the thirteen-hundred- 
thousandth pai*t of tne solar orb which enlightens our 
day. 

430. " The further we advance in our explorations of 
the distant regions of space, and the more minute and 
specific our investigations are, the more august and as- 
tonishing are the scenes which open to our view, and the 
more elevated do our conceptions become of the gran- 
deur of that Almighty Being who ^ marshalled all the 
starry hosts,' and of the mmtipUoity and variety of ar- 
langements he has introduced into his vast creation. 
And this consideration ou^ht to serve as an argument 
to every rational being, boui in a scientific and a reli- 
gious point of view, to stimulate him to a study of the 
c perations of the Most High, who is ' wonderful in coun- 
sel, and excellent in working,' and whose works in every 

429. What further remarkg ! 

430w CoDtittue 9^oution. C^hattal)l6? Note?) 
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part of his dominions adumbrate the glory of his perfec- 
tions, and proclaim the depths of his wisdom, and the 
greatness of his power." 

The following table shows the periodic times of the 
principal binary systems, so far as known : 



BINARY SYSTEMS. 




Namea - 


Period in 


Nuneti. 


Period in 




yean. 




jrean. 


ij Coronas .... 


43-40 


cj Leonis 


82-533 


^ Cancri .... 


5600 


g Bootes 


117-140 


f UrssB Majoris 


68-26 


a Hercules . . . 


31-4:68 


70 Ophiuchi . . . 


93-00 


b Ursae Majoris 


58-262 


61 Cygni . 

7 V irginis . . • 


452-00 


c " *' ' 


61-464 


14500 


p Ophiuchi . . . 

LI ... 


73-862 


Castor , 


286-00 


80-340 


(f Coronas .... 


145-00 


\/ ... 


92-870 


7 Leonis 


1200-00 


P Coronas .... 


608-450 



The Btadent shoald here be reminded that these are not ayvtems of planets reTolvlng 
•roand sans, but of 9un r&telmng arowid mm ; and tliat their component stars may 
not only be as fiu* apart as our sun and Sirius, but that they are probably each the center 
of bis own planetary system, like that which revolves around our central orb. 

431. Besides the revolutions of these double stars 
around each other, they are found to have a proper mo- 
tion together in space, like that which our sun has around 
the great central Sun. Upon this subject Sir John Her- 
schel observes, that these stars not only revolve around 
each other, or about their common center of gravity, but 
that tliey are also transferred, without parting company, 
by a progressive motion common to both, toward some 
determinate region. 

The two stars of 61 Cygni, which are nearly equal, have remained constantly at the 
tame, or very nearly tbe same, distance of 15 , for at least 50 years past. Meanwiiiie, 



nasL 
tbey have shifted their local situation io the heavens, in this interval of time, through 

hich 
odily 
'egarc 
ai.iform and rectilinear. Among stars not double, and' no way differing firom the rest in 



ey _ 

lo less than 4' 23" — ^the annual prof»er motion of each star being 5".8; by which quan- 
tity (exceeding a third of their interval) this system is every year carried bodily along 
In some unknown path, by a motion which, for many centuries, must be regarded aa 



any oiiier ob\ ious particular, ft Cassiopeis is to be remarked as having the greatest 
proper emotion of any yet ascertained, amounting to d".74 of annual displacement. 



431. What other motion of the stars ? Dr. Herschel ? (Specimen in note ? 
notions ? What utar ziauaod as having the greatest proper motion of an^ yel 
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432. But though motions which require whole centu- 
ries to accumulate before they produce changes of ar- 
rangement, such as the naked eye can detect, are quite 
sufficient to destroy that idea of mathematical nxity 
which precludes speculation, yet are they too trifling, so 
far as practical applications ^o, to induce a change o« 
lan^age, and lead us to speak of the stars, in common 
parlance, as otherwise than fixed. 

433. Most of the double, triple, and multiple stars are 
of varioics colors^ beautifully contrasting with each pther. 

«* Other BUDS, perhaps, 

With their attendant moons ^ 

Communicating male and female light, 
(Which two great sexes animate the world,) 
Stored in each orb, perhaps, with some that liye.** 

It is probable, however, that, in most cases, this variety 
of colors is merely complimentary ^ in accordance with 
that general law of optics which provides that when the 
retina is under the influence of excitement, by any bright 
colored lights, feebler lights, which, seen alone, would 
produce no sensation but of whiteness, shall for the time 
appear colored with the tint complimentary to that of 
the brighter. Thus, if a yellow color predominate in 
the light of the brighter star, that of the less bright one 
in the same field of view will appear blue ; while, if the 
tint of the brighter star verge to crimson, that of the 
other will exhibit a tendency to green, or even appear as 
II vivid 'green, under favorable circumstances. 

434. This first law of contrast is beautifully exhibited 
by » Cancri — the latter by y Andromedae; both fine 
double stars. If, however, the colored star be much 
the less bright of the two, it will not materially affect 
the other. Thus, for instance, tj Cassiopeise exhibits the 
beautiful combination of a large white star, and a small 
one of a rich ruddy purple. 

It \b bf no means, however, intended to Bay, that In all snch caaes one of the colon 
{& a mere effect of contrast; and it maf be easier suggested in words than conoeiyed in 

432. Why called " fixed stars," if in motion ? 

433. What said of the color of double stars ? Quotation f^-om Milton i 
Cause of this variety of colors ? 

434. gpcGlmens of uomplimontory colors! ( \.ro tJicy all oomDlimontary 1> 

17 
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tmaglnatton what variety of illamfnatf on tu>o mm*— a red and a green, or a jellmr rm^ 
a blue one — most afford a planot circulating about either, aiid what charming eontnu^u 
and ** gratcfbl vIcisBicudos*' — a red and a green day, for instance, alternating with a wtiito 
one and with darkness — ^might arise from the preecnce or abwtu-e of one or other, or 
both, above the horizon. Insulated stars of a rea color, almost as deep as that of blr>od, 
occur In many parts of the heavens ; but no green or blue star, of any decideil hue, baa^ 
we believe, ever been noticed unaasociatod with a companion brighter than itaeit 




VARIABLE OB PERIODICAL STASIS. ] " ' / ^ 

if 

435. Variable stars are those which undergo a regular 
periodical increase and diminution of lustre, amount- 
ing, in some cases, to a complete extinction and revival. 
Theae variations of brilliancy, to which some of the 
fixed stai-s are subject, are reckoned among the most 
remarkable of celestial phenomena. Some of them pass 
through their successive changes with great rapidity ; 
while in other cases, their brilliancy is increased or 
diminished gradually for months. The time oqcupied by 
one of these stars, in passing through ail their different 
phases, is called its jperiod. 

436. One of the most remarkable of these variable 
stars is the star Omicron^ or Mira in the Whale, Its 
period is about 332 days, during which time it varies 
from a star of the 2d magnitude to complete invisibility. 
It appears about twelve times in eleven years — remains 
at its greatest brightness about a fortnight; being then, 
on some occasions, equal to a large star of the 2d magni- 
tude. It then decreases for about three montlis, when it 
disappears. In about five months, it becomes visible 
again, and continues to increase during the remaining 
three months of its period. 

Its increase of light is much more rapid than its de- 
crease. It increases from the 6th to the 2d magnitude 
in 40 days, continues thus brilliant 26 days, and then 
fades to the 6th magnitude again in 66 days. Hence it 
is above the 6th magnitude for 132 days, and below 200 
days of its period. 



4S6. What are wrwfifo «ftrr» f How regarded ? What diflferenoe I What 
their period f 

486. What remarkable sample descrihed? Period? AmooQt of variation} 
Progresa of variation t 
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437. Another remarkable periodic star is that called 
Algols in the constellation Perseus, It is usually visible 
as a star of the 2d magnitude, and such it continues for 
the space of 2 days 14 hours, when it suddenly begins 
to diminish in splendor ; and in about 3^ hours, it is re- 
duced to the 4th magnitude. It then bomns again to 
increase, and in 3^ hours more is restorea to its usual 
brightness ; going through all its changes in 2 days 20 
hours and 48 minutes, or thereabouts. Through all its 
successive changes, this star shines with a white light, 
while the color of all the other variable stars is red. 

438. The cause of these periodic variations in the 
brightness of some of the stars is not known. Some 
suppose them to be occasioned by opake bodies revolv- 
ing around them, and cutting off a portion of their light 
from us. Speaking of the sudden obscuration of Algols 
mentioned above, Dv. Herschel remarks that it indicates 

%a high degree of activity in regions where, but for such 
evidences, we might conclude all lifeless. 

439. " I am disposed," says Dr. Dick, '* to consider it 
as highly probable, that the interposition of the opake 
bodies of large planets revolving around such stars may, 
in some cases, account for the pnenomena. 

** It Is trne that the planets connected with the solar system are so small, In oomparlson 
of the sun, that their interposition between that orb and a speciator, at an immenne dis- 
tance, would (HtMluce no sensible effect Bat we have no reason to eonclude that in all 
other systems the planets are formed in the same proportions to tlieir central orbs as 
ours ; but from the variety we perceive in every part of nature, both in heaven and 
earth, we have reason to conclude that every system of the universe is, in some re- 
spects, different from another. There is no improbability in admitting that the planets 
wiiicb revolve round some of the stars may be so large as to bear a considerable proper* 
tion (perhaps one-half or one-third) to the diameters of the orbs around which they re- 
volve ; in which case, if the pkme of their orbit lay nearly in a line of oar own vision, 
tiiey would, in certain parts of their revolutions, interpose between our eye and the 
stars, so ae» to hide for a time a portion of their sorfooes from our view, wlule in that 
part of their orbits which is next to the earth." 

440. Others, again, are of opinion that those distant 
" suns have one luminous and one opake or clouded hemi- 
sphere ; and that their variations nfay thus result from a 
revolution upon their axes, by which they would present 
us alternately with their full and their diminished luster. 

487. What other specimen ? Usual appearance ? Period ? Peculiar color t 
438. 6i72/«« of these variations ? Supposition? ^r. IlerdchcU 
4^9. Dr. iiiuk's opinion \ (BeoAojiiug in note ?) 
440. Wluit otliei hypotlicaifl stated? 
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Another theory is, that these stars are moving with' 
inconceivable velocity in an immense elliptical orbit, 
the longer axis of which is nearly in a direction toward 
the eye, and the shorter axis of which would be imper- 
ceptible from our system. In such case, the star would 
appear alternately to approach and recede ; now looking 
in upon our quarter of the universe for a few days, ana 
then rushing back into immensity, to be seen no more 
by human eyes during the lapse of years or of ages. 

441. " Whatever may be the comse^^ says Mr. Abbott, 
" the fact of these variations is perfectly established, and 
the contemplation of the stupendous changes which must 
be occurring in those distant orbs overwhelms the mind 
with amazement. Worlds vastly larger than our sun sud- 
denly appear, and as suddenly disappear. Now they 
blaze fortn with most resplendent brilliancy, and again 
they fade away, and often are apparently blotted from 
existence. These worlds are unquestionably thronged 
with myriads of inhabitants ; and the phenomenon which 
to us appears but as the waxinff or waning luster of a 
twinkling star, may, to the dwellers on these orbs, be 
evolutions of grandeur, such as no earthly imagination 
has ever conceived. But these scenes, now veiled from 
human eyes, will doubtless all be revealed, when the 
Christian shall ascend on an angePs wing to the angePs 
home.'' 



TEMPORARY STARS. 

442. 1 emporary stars are those which have appeared 
from time to time in different parts of the heavens, blaz- 
ing forth with extraordinary luster, and, after remaining 
for a while apparently immovable, died away, and lelt 
no traces of their existence behind. Some writers class 
them among the periodical stars, while othere notice them 
under the head of " New and Lost Stars." 

A star of this kind, which appeared in the year 125 

441. Remarks of Mr. Abbott! 

442. Whnt are tejnpw^Jo^ ^antt How dossed ¥ First noUoodt What 
other iustauro ? 
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B. a, led Hipparchus to draw up a catalogue of tho stai'S 
the earliest on record. In a. d. 389, a eimilar star ap 
peared near the largest star in the Eagle, which, after 
remaining for thi*ee weeks as bright as Yenus, disap- 
peared entirely from view. 

443. On the 11th of November, 1572, Tjcho Brahe, a 
celebrated Danish astronomer, was returning, in the 
evening, from his laboratory to his dwelling-house, when 
he was surprised to find a group of country people gazing 
upon a star which he was sure did not exist half an hour 
before. It was then as bright as Sirius, and continued 
to increase till it surpassea Jupiter in brightness, and 
was visible at noonday. In December of the same year 
it began to diminish ; and in March, 1574, had entu*ely 
disappeared. 

This remarkable star was in the constellation Ca8si(h 
peia^ about 5° northeast of the star Caph. The place 
where it once shone is now a dark void ! 

444. This star was observed for about 16 months, ana 
during the time of its visibility its color exhibited all the 
different shades of a prodigious flame. ^^ Firat it was of 
a dazzling white, then of a reddish yellow, and lastly of 
an ashy paleness, in which its light expired." " It is im- 
possible,'' says Mrs. Somerville, ^^ to imagine any thin^ 
more tremendous than a conflagration that could be visi- 
ble ut such a distance." 

445. In reference to the same phenomenon. Dr. Dick 
observer, that ^^ the splendor concentrated in that point 
of the heavens where the star appeared must have been, 
in reality, more than equal to the blaze of twelve hundred 
thousand worlds such as ours, were they all collected 
into one mass, and all at once wrapped in flames. Nay, 
it is not improbable, that were a ^lobe as large as would 
till the whole circumference of the earth's annual orbit 
to be lighted up with a splendor similar to that of the 

448. What other remarkahle instance described f By whom! When 
In what constellation f Ponition ? 
444. How lonff observed f Appearance ? Mr^ SamerviHe t 
^^. Dr. Dicrs remarks t 
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Bnn, it would scarcely surpass in brilliancy and splendov 
the star to which we refer." 

446. Rev. Prof. VmcE, who has been characterized as 
'^ one of the most learned and pious astronomers of the 
age,'' advances the opinion, that ^^ the disappearance of 
Botne stars may be the destruction of that system at the 
time appointed by the Deity for the probation of its in- 
habitants ; and the appearance of new stars may be the 
formation of new systems for new races of beings tiien 
called into existence to adorn the works of tlieir Creator.'' 

447. La Place, whose opinion upon such subjects is 
always entitled to consideration, says : ^' As to these stars 
vtrhicn suddenly shine forth with a very vivid light, and 
then immediately disappear, it is extremely probable 
that great confl^gi-ations, produced by extraordinary 
causes, take place on their surface. This conjecture is 
confirmed by their change of color, which is analogous 
to that presented to us on the earth by those bodies wnich 
are set on fire, and then gradually extinguished." 

448. Dr. John Mason GhooD, author of the Book of 
Nature^ &c., seems to have entertained opinions similar 
to those already expressed. *' Worlds and systems of 
worlds," says he, " are not only perpetually creating, but 
also perpetually disappearing. It is an extraordinary 
fact, that within the period of tlie last century, not less 
than thirteen eta/ra^ in different constellations, seem to 
have totally perished, and ten new ones to have been 
created. In many instances, it is unquestionable, that 
the stars themselves, the supposed habitations of other 
kinds or oixiers of intelligent beings, together with the 
different planets by which it is probable they were sur- 
rounded, nave utterly vanished, and the spots they occu- 

taed in the heavens have become blanks. What has 
efallen other systems will assui^dly befall our own. Of 
the time and manner we know nothing, but the fact is 
inconti'overtible; it is foretold by revelation; it is in- 
scribed in the heavens ; it is felt through the earth. Such 
in the awful and daily text. What, then, ought to be the 

cc^/mment ?" 

■^ ^ 

Mb. Prof. Vince'i remarks I 447. L> PUce'* t 448. Dr. tioode'a * 
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CHAPTER IV. 



OLUBTEBS or 8TARB AND NEBULJt, 

449. Ik Bnrveying the concave of the heavens in n 
clear night, we observe here and there groups of stars, 
forming bright patches, as 
if drawn together by some 
cause other than casual 
distribution. Such are the 
PUiadea and Uyade* in 
Taurus. These are called 
Ctuder* of Stan. The 
InmimmB spot called the 
Bee [live, in Cancer (visi- 
ble to the naked eye), is 
somewhat eiinilar, hut less 
definite, and requires a 
moderate telescope to re- 
solve it into stara. la the 
sword-hand le of Perseua is 
another such spot or clus- 
ter, which is a)so visible to 
the naked eye, but which 
requires a rather better telescope to resolve it into dis- 
tinct Btars. When f^rly in view, however, it is one of 
the most splendid and magaificeat spectacles upon which 
tic; oye can rest. 

" O wlut K ontiQuenoe of ethereal lire*, 
Prom worldH anaumber'd down the steep of heftren. 
Stream to a point, uid center on mj aigbt." 

450. Many of these faint and compact clustera havu 
■>een mistaken for comets, as through telescopes of incd- 



ig ) What lika I How known tluit tlicv lu* 



erate power they appear like Biich. Messier has given a 
list of 103 objects of this sort, with which all who search 
for comets ought to be familiar, to avoid being misled hy 
their similarity of appearance. That thej' are not comets, 
is evident from their fixedness in the heavens, and from 
the fact, that when we come to examine them with in- 
strnments of great power, they are perceived to consist 
entirely of stars, crowded together so as to exhibit a deli 
nite outline, and to run np to a blaze of light in the cen 
ter, where their condensation is usually tlie greatest. 

451. Some of these clusters are of an exceedingly 
rough figure, and convey the idea of a globular space 
filled full of stars, insulated in the heavens, and coosti- 
tuting in itself a family or so- 

ciety apart from the rest, and "^ '™" " o»pi«ro™. 

Bubiect only to its own internal 

laws. 

It would be a vain effort to 
attempt to count the stars in 
one of these clusters. They are 
not to be reckoned by hundreds ; 
and on a rough calculation, 
grounded on the appai'ent inter- 
vals between them at the bor- 
ders, and the atigular diameter 

of the whole group, it would appear that many clusters 
of this description must contain, at least, from ten to 
twenty thousand stars, compacted and wedged together 
in a round space, whose angular diameter does not ex- 
ceed eight or ten minutes, or an area etjual to a tenth 
part of that covered by the moon. ' 

452. Some of these clusters have a very irregular out- 
line. These ai'O generally less rich in stars, and especi- 
ally less condenseu toward the center. Tliey are also less 
definite in point of outline. In some of them, the stars 
are nearly all of a size; in others, extremely different. 
It is no nncommon thing to find a very red star, mufh 

451. Whnt said of the/orm of these iJusloiw 1 SUuu in oaoli ! Apparoni 
4S;i. What ttiTther Tespcotingfomu! CKiraeterof iiregular dustcte! 



briehter than the rest, occap;]ring a couBpicuotiB Eiti:ation 
in them. 

458. It ie by no means improbable that the individual 
stai-s of these clustei-6 are Buns like our own, the centers 
of so many distinct systems, and that their mutual ilia- 
tftnces are equal to those ^^^ oLuttn n snomon' bum. 
which separate our sun Irom 
the nearest £sed stars. 6e- 
aides, the round figure of 
some of tliese groups seeme 
to indicate the existence of 
some general bond of union, 
of the nature of an attractive 
force. 

Tlilg b one of the mcKt coikkhu doHen 
In ill 1)1* liiMveni. Sic Jabn Uamibs] pn- 
nounced It Un nwal minilOMni oblMt b* 
bid e>«r bohald. It to leuut C In dlunalir, 
ud cantftliiB ft eounblca throng ot BkMU, 
UiU KurceJy ertr MlUt alleit ■ buret oTinr- 
prtH uid uu>nlflliD»at Axiia tha beholdarl 
Wbo cu g$t» upon ancli > uena, wd not Aw ■ tlma Anjat Mith, In tlw iqit conMm^ 

** Tbare'B not a seena t<i mortala (1*aQ, 



a, IboogbKi 



« wltli tba nakad ere; uid b; 



ajabymndfoiufaibig;'' - Perlisiw," lava Prut 
Ibw, ttanmgli a laliw p ^ wlttaonl nOanus ■ tli 



^e foniid bahraan ^ ud >i| 



454. The term Nehdm is applied to those clusters ot 
stars that are so distant as to appear only like a faint 
cloud or haze of light. In this sense, some of tiie clus- 
ters heretofore described may be classed as nebulie ; and. 
indeed, it may be said of all the diSereut kinds of nebu- 
Ife, that it is impossible to say where one species ends, 
and another begins. 



uKtwt wiutuidof itt) 



455. ScsolvoMe Nehulai are those cinsters, the light o 
whose individual stare are blended together, wlieii seei. 
through a coninion telescope; bat which, when viewed 
through glasses of sufficient power, can be resolved into 
distinct stars. 

456. Irretol/vdble Netml<B are those nebiilona spots 
which were formerly Buppused to consist of vast tieltis of 
matter in a high state of rarefaction, and not of distinct 
stars. But it is doubtful whether any nebnI:B exist which 
could not be resolved into stars, had we telescopes of 
Bofiicient power. 

" Ahoat the close of last year," says Dr. Scoresby, in 
1S48, ''the Eori of Rosse succeeded in getting his gi'eat 
telescope into complete operation ; and during the lii-st 
month of liis observations on litly of the unresolvable 
oebulee, he succeeded in ascertaining that 43 of them 
were already resolvable into masses of stars. Thus is 
confirmed the opinion, that we have only to increase the 
power of the instrument to resolve all the nebulte into 
«tars, and the grand nebular hypothesis of La Place into 

splendid astronomical dream." 

457. Nebulfe of almost every 
conceivable shape may be tbnnd in 
the heavens. Some are round — 
others elliptical. Some occur sin- 
gly, while othere are double, or 
seem to be connected together. 

ThaupKlinrbhereBhDinilBliilbaGrSThiiiuid. Tlu 



45S. Atvmdar N^vla are those that exhibit the form 
of a ring. Of these, but few specimens are known. One 
of the most striking may be tbund about 6° below Mizar, 

us. Whtt oro r<;ao1vuble nebnlal Hoir when Bean through powerful 
i. IrreHolvaUe nebulet Are ui; nebulee really irretiolvabU) Benmrku 

What 
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the middle Btar in the tail of the Great Bear. It 
crnisiBta of a large and 
briylit globulai' nebula, 
Buri'oiinaed by a double 
ring, at a considerable 
diotance tVom the globe; 
jr I'athei' a Biugiu ring 
divided thronga about 
two-fifthB of its circum- 
fureiice, and having one 
poi-tiuD turned up, as it 
were, out of the plane of 
the rest.. A faint nebu- 
lous atmosphere, and a 
email i-ou[ia nebula near 
it, like a satellite, com* 
pletes the figure. 

459. Another very conspicuoM nebula of this class 
may be foimd half-way between $ and 7, in the Lyre, 
and may be seen with a telescope of moderate power. 
It is small, and particuiarly well defined, so as, in fact, to 
have much more the appearance of a flat oval solid ring, 
than of a nebula. The space within tlie ring is filled 
with a &int hazy light, uniformly spread over it, like a 
fine gauze stretched over a hoop. 

460. " Planetary JVehulw" says Dr. Herschel, " are 
very extraordinary objects. They have, as their name 

- imports, exactly the appearance of planets — round or 
Slightly oval discs — in some instances nuite sharply ter- 
minated, in others a little hazy at the borders, and of ft 
light exactly equable, or only a very little mottled, which, 
in some of theiu, approaches in vividness to that of the 
actual planets. Whatever be their nature, they must be 
of enormous magnitude." 

461. SteUar I^Sulw, or N^vloua Stars^ are such as 
present the appearance of a thin cloud, with a bright 
atar in or neai' the center. They are round or oval- 

159. Whut otlierannulnrnebutie! Describe. 

460. /"ii/Ktorj nebula ( Describe. 

481. .SttUu-DebukDl Bamiirlu of ProfiuEar UlUlial ] 
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shaped, and look like a star with a burr around if, or a 
candle ahining through horn, " It was an object of tliis 
kind," says Prof. Mitcbel, " which 
firet suggested to Sir W. Herschel 
his great theory of the formation 
i)f suns out of a nebulous fluid. 
lie thought it impossible to ac- 
count for tlie central location of 
stars, surrounded by nebulous 
matter, in any way except by sup- 
posing this to be a sort of atmos- 
phere attracted to, and sustaiued 
in its spherical for^n by, the power of tha central body. 
I have examined specimens of these objects, and always 
with increasing wonder. Their magnitude must be enor- 
mous, as the stars are certainry not nearer than other 
stars; and yet the cii'citlar halo around them is of a 
diameter easily measured, and proves them to have a 
circumference perhaps greater than the entire orbit of 
Neptune." 

462. One of ""*' '^'^' '" """"' 

tlie most remark- 
able nebula in 
all the heavens 
may be found 
aronnd the mid- 
dle star in the 
swolvl of Orion. 
It is easily seen 
with a common 
telescope. It is 
shaped like the 
head of some 

animal — aiish,tbr instance — with its month open. Near 
tlie inner smfacc of this mouth arc four stars, ranged in 
the ibrm of a trapesium. It rcjuires a good telescope 
to sec four stare ; ont, with ^vowei-fnl insti-unieuts, six are 
visiltic, instead of four. 
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468. The sv/n, is considered by astronomers as belong- 
ing to this class of nebulous stai^; and the Zodiacal 
Light (322 and 325) has been regarded as of the nature 
of the gaseous matter with which the nebulous stars are 
surrounded. It is supposed that if we were as far from 
the sun as from the stellar nebulae, he would appeal' to us 
only as a small and nebulous star ! 

4 6 J:. Until recently, the most powerful instruments 
have failed to reveal any thing like distinct stai-s, as com- 
jjo&ing the body of the remarkable nebula in Orion. 
J^otli theHerschels regarded it as positively irresolvable; 
or, in other words, as composed of nebulous fluid or un- 
organized matter. But it has recently been seen to be 
composed of distinct stars, both by the monster telescope 
of Lord Kosse, and the great refractor of Cambridge, 
near Boston. 

465. The magnitude of this nebula must be beyond 
all human conception. " If," says Mr. Smyth, " the 
parallax of this nebula be no greater than that of the 
stars, its breadth cannot be less than a hundred times 
that of the diameter of the earth's orbit ; but if, as is 
)nore probable, it is a vast distance beyond them, its 
magnitude must be utterly inconceivable." 

466. Prof. MitcTiel observes, that in case light be not 
absorbed in its journey through the celestial sjiaces, the 
light of the nebula of Orion cannot reach the eyeo'n less 
than 60,000 yeai*s, with a velocity of twelve millions of 
miles in every minute of timel And yet this object 
may be seen from this stupendous distance, even by the 
naked eye ! What, then, must be its dimensions ? Here, 
indeed, we behold a universe of itself too vast for the 
imagination to grasp, and yet so remote as to appear a 
laint spot upon the sky." 

467. The number of such nebulous bodies is unknown 



468. Remarks respecting the sun ? 

464. How the ncbulu in Orion reiLftirded ? What recent discovery ? 

465. Its probable magnitude ? Kemark of Smyth I 

4C6. Prof. Mltchcl'8 observations respecting its distance and dimor.sions ? 
467. What ,suid of the numbtrot' nebulous bodies in the lioavcns ? Whero 
n oAt abuudunt ? Ilorscher* catiUoj^uc i Various forms I 
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perhaps we should say innumerable. They are especially 
abundant in the Galaxy or Milky Way. Sir W. Her- 
Bchel arranged a catalogue, showing tlie places of two 
Vwuscmd of these objects. They are of all shapes and 
sizes, and of all degrees of brightness, from the faintest 
milky appearance to the light of a fixed star. 

468. Sta/r Dust is a name given to those exceedingly 
faint nebulous patches that appear to be scattered about 
at mndoni in the tar-distant heavens. It is barely visible 
thi"oiigh the best telescopes, and seems to form a sort of 
back-ground, far beyond all stars, clusters, and nebulaj, 
resolvable or irresolvable. 

469. "The nebulae," says Sir John llerschel, "fur 
nisli, in every point of view, an inexhaustible field of 
speculation and conjecture. That by far a larger share 
of them consist of stars, there can be little doubt ; and 
in the interminable range of sj'^stem upon system, and 
firmament upon firmament, which we thus catch a 
glimpse of, the imagination is bewildered and lost." 

470. It is a general belief among astronomers that the 
material universe consists of distinct clusters, separated 
from each other by innumerable chasms : that the fixed 
stars by which we are surrounded constitute one great 
dvster — the sun being a star with the rest, and appearing 
as he does to us, solely on account of our nearness to him ; 
that the nebula^ are far beyond our cluster, like so many 
distinct continents in the boundless ocean of immensity. 

471. Could we leave our system, and pass outward 
toward the fixed stars, they would doubtless expand U\ 
the dimensions of suns as we approached them, while 
our own central luminary would dwindle to a glimmering 
star. Reaching the frontier of the cluster, and plunging 
off into the awful solitudes of space, toward the distant 
nebulae beyond, we should see them also expand as we 
drew near, while our vast firmament of stars seemed to 

468. What is meant by ttar dtutf Where supposed to be situated ? 

469. Herdchers remark respecting the nebulae 1 * 

470. What the prevailing opinion among osironomera, as to the structaro 
of thfl universe i 

471. WhAt imaginary jotiniey and scenery described bj the author ? 
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lie gathering into a compact group; till at length, enter- 
ing the boaoni of the distant iiebulte, we ehonla find our- 
eelves surrvunded by new and etrango eons tdl at ions; 
and if we saw our own firmament at all, slionld see it 
only BS a faint annolar nebula, tar beyond the reach ot 
all unassisted vision. 

472. The great atellar cluster in which the sun and 
solar system are imbedded is supposed, in its funn, to 
resemble a double convex lens, with the sun and solar 
system near m center; and by being viewed edgewise 
from our central position, to give us the phenonieuon o! 
tlie MWe^ Way. 



The ftboTA !• u «djn*lA» vS«ir of thMTwt fttellir dnatAr, In tti« luMiC tt vtaioh tho 
nUrijaUm toplmif i«dninibr Sir WtllLun Uenchcl Ita Ogvm vM lunrtalnca br 
(■D^pg U» HHflfl.pflnatntiiif pow«r of hla tfllAscuns, ind tbcn " UDading tht bAAVAiu," 
U iMWWln tba dlBtance Ihrwigl^ tbs cliwtf r. In all rllrecUnna, Id [ha i^n voU. Tho 
■MmIb II* In dliaiHt u<l inilei)cid«DI Uuiili. fir bf yand Ui* ItmlU of nnr cliuur. 

LctlkcNiMluclmntMUw nui lo btnnsnr the n*n neir Ih* nlddlior Ihs Itna- 
■hllMd dilMn. of which Ui« (ban li u edg* tlew, with the niBneU TeTidvIng cIoh 
MDBiid IL It than, ha look ant Dpon Ihr nuToaiHlIng tun, tba nnmber liilbla. and 
thtlr ilMlnctnea, will drlwiHl opon tba dinctlun In which he lunks. If Inward Iha 
tbln put vl lli» alniter (altbar Dp « ilnwn In Iha out), ttvtr etun will b« H«n, whila 
Uh7 win b* eompsiUlTBlr disttnM. BatlTtheilawbB (owird ihatd^i) nr ibacloiiFr. 
inslod or tba Mm (or hnriunlailr. In the «nl), tbare will be Ken bajond the larfa 
■tu^ndbdlH swH tola IwHUInn and mlnsleil llEhl, ■ numNirliiM h«t oTeUn; 
■ltd thta HHia UdMant Ran will crtend qnlta aroDnd die heavtri. Snch le the Oaltxr 
wUllkjr Wi]F. TIM una oT milk; llEht Is (h« ll^ht oT tha Btan In Uuriddu ad^ ol 

Baa eot piga SO*. " " t m 3 w.j. 

Tfaa TBK appannt A?<0nf oT Iba GaTaxr, la Mmpaivd with othar nahnlie, le anppoeed 

ayatam as JWm tlie nrbnlie In the Lyra, thr Ullk)' W«7 would daobdeu appear u an 
SKHitop oaAWa no Ivnr than tbaL it maj tberefi'n wltti ptaprlat]' be callad ' tho 
paatnatHihior Iba aolar ijrHam.* 

473. Sir W. Herschel estimated that 50,000 stars 
passed the field of his telescope, in the Milky Way, in n 

4T2. SMppoaed form of our own atelliir duster I I'liiloBOpby of Ob1v,7 
(Why appBrentlv to larBo ) How apptnr «[ u KTeal riistanoo () 
i1% dianlnMilk; WajtI Uutiul UiauiuiM t Cbanoterof cnoUibut 
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single hourl And yet the space thus examined was 
hardly a point in the mighty concave of our own ^'sun 
strown firmament." What an idea is here conveyed to 
the mmd, of the almost boundless extent, of the uni- 
verse ! The mutual distances of these innumerable orbs 
are probably not less than the distance from our sun to 
the nearest fixed stai*s, while they are each the center of 
a distinct system of worlds, to which they dispense light 
and heat. 

474. Were the universe limited to the Great Solar 
Cluster, in the midst of which we are placed, it would 
be impossible to conceive of its almost infinite dimen- 
sions; but when we reflect that this vast and glowing 
zone of suns is but one of thousands of such assem- 
blages, which, fi\)m their remoteness, ajjpear only as 
fleecy clouds hovering over the frontiers of s))ace, we are 
absolutely overwhelmed and lust in the mighty abyss of 
being 1 

475. And here we close our rapid and necessarily im- 
perfect survey of the Sidereal Heavens. And while the 
mind of the student is fllled with awe, in contemplating 
the vastness and majesty of creation, let him not forget 
that over all these Jehovah reigns — that " these are but 
parts of his ways ;" and yet so perfect Is his knowledge 
and providence in every world, that the very hail's of 
our heads are numbered, and not a sparrow falls without 
his notice. And while we behold the wisdom, power, 
and goodness of God so gloriously inscribed in the heav- 
ens, let us learn to be humble and obedient — ^to love and 
8€5rve our Maker here — that we ma}' be prepared for the 
still more extended scenes of another life, and for tlie 
society of the wise and good in a world to come. 

474. Magnitude of our own cluster ? What in comparison with all otLcrs) 

475. Keiiuirks in closing punigraph ? Moral reflections i 
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PRACTICAL ASTRO XOMY 
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CHAPTER I . . 

PROPERTIES OF LIGHT. 

* 

4T6. PraMiccH Astronomy has respect to the raemis^ 
employed for the acquisition of astronomical knowledge. 
It includes the properties of light, the structure and upe 
of instruments, and the processes of mathematical calcu- 
J,ition. 

In the present treatise, nothing fhrther will be attempted than a mere introduction Xn 
practical astronomy. In a worlc designed for popular nse, mathematical demonstrationh 
would be out of place. Still, every student in astronomy should know how telescopes 
are made upon what laws they depend for their power, and how thev are used. It ia 
for this purpose mainly that we add the following chapters on Practical Astronomy. 

477. lAght is that invisible ethereal substance by whi'cli 
we are appi'ised of the existence, forms, and colors of 
material objects, through the medium of the visual organs. 
To this subtile fluid we are especially indebted for our 
knowledge of those distant worlds that are the principal 
subjects of astronomical inquiry. 

478. The term liglvt is used in two different senses. It 
may signify either light itself, or the degree of light by 
which we are enabled to see objects distinctly. In this 
last sense, we put light in opposition to darkness. But 

476. Part8 of the book gone over ? Subject of Part III. ? Of Chapter I.! 
What it< ^radical astronomy f ^How &r discassed in this treatise ?) 

477. Define light. For what indebted to it ? 

478. Different senses in which the term is used f What is darkness f Can 
it be dark.'aid light at the same time ? Is tl\ere any place without light! 
(Q.uotation fMm Dick?) 
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it should be borne in mind that darkness is merelj the 
absence of that degree of light which is necessary to 
human vision ; and when it is dark to us, it may be light 
to many of the lower animals. Indeed, there is more or 
less light even in the darkest night, and in the deepest 
dungeon. 

** Thote onfortansto indivldaala," aays Dr. Dlclc, ** who have been ooDflned in the dark- 
est dnnipeonA, have declared, that thouf^h, on their first entrance, no object oonld l>e per- 
ooived, perhap« for a day or two, yet, in the course of time, as the pupils of their eyes 
expanded, they eonld readily perceive mice, rats, and other animals that infested tlioir 
ocns, and likewise the walls of their apartments ; which shows that, even in such sitoap 
Uons, li|^ht is present, and produces a certain degree of influence.^ 

479. Of the nature of the substance we call light two 
theories have been advanced. The first is, that the whole 
sphere of the uni\ier6e is filled with a subtile fluid, which 
receives from luminous bodies an agitai/ion; so that, by 
its continued vibratory motion, we are enabled to per 
ceive luminous bodies. This was the opinion of Des- 
cartes, Euler, Huygens, and Franklin. 

The second theory is, that light consists of {MUl;icle8 
thrown off from luminous bodies, and actually proceeding 
through space. This is the doctrine of Newton, and of 
the British philosophers generally. 

Without attempting to decide, in this place, upon the relative merits of these twi hy- 
potheses, we shall use those terms, for convenience sake, that indicate the actual passage 
of light from one body to another. 

480. Light proceeds from luminous bodies in straight 
lines, and in all directions. It will not wind its way 
through a crooked passage, like sound ; neither is it con- 
fined to a part of the circumference around it. 

As the sun may be seen from every point in the solar system, and far hence into space 
In every direction, even till he appears out a feint and glimmering star, it is evident that 
bo fills every part of this vast space with his beams. And the same might be said of 
•very star in the firmament 

481. As vision depends not upon the existence of light 
merely, but requires a certain degree of light to emanate 
from the object, and to enter the pupil of the eye, it is 
obvious that if we can, by any means, concentrate the 



479. What theories of the nature of light, and by whom supported respect* 
iveiy ? (Remark of author ?) 

480. How light proceeds from luminous bodies I (BadiationsfimmsonMicf 
■tan!) 

4&\* How improve vision, and why f (Animals t) 
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light, so that more may enter the eye, it will improve 
our perception of visible objects, and even enable us to 
see objects otherwise wholly invisible. 

Some animals have the power of adaptins their eyes to the existing desrM of light. 
The cat, horse, Ae^ can see day or night; while the owl, that seea well in tne night, soon 
poorly in the day-tim*. ^ 

482. Light may be turned out of its course either by 
reflection or refraction. It is reflected when it falls upon 
the highly polished surface of metals and other intrans- 
parent substances ; and refracted when it passes through 
transparent substances of diiterent densities. 

SEFBACnON OF 2.IOHT. 

483. Whenever light passes from a rare medium to 
one more dense, and enters the latter obliquely, it inva- 
riably leaves its first direction, and assumes a new one. 
This change or bending of the rays of light is what is 
called Refraction, 

The term refnuA is fh>m the Latin r«, and frango^ to break ; and signifies the break 
Ing of the natural coarse of the raysi 

484. As air and water are both transparent, but of 
different densities, it follows that, when light passes 
obliquely from one to 
the other, it will be 
refracted. If it pass 
from the air into the 
water, it will be re- 
fracted toward a per- 
pendicular. 

Here the ray A C strikes the 
water perpendicularly, and passes 
directly tti rough to B without 
Deing refracted. But the ray D G 
strikes the water at C obliquely ; 
and instead of passing straight 
through to E, is refracted at C, 
and reaches the bottom of the 

water at F. Vt, therefore, a person were to receive the ray into the eye at F, and to 
|nd»fe of the place of the object from wliich the Hjiht eiimnares from the direction of the 
Tay C F, he would conclude that he saw the object at O, unless he made allowance for 
the refraction of tlie light at C 
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4S2. How !iglit turned out of course I 

488. W hat is rtfrwdmi, t How pro Juced I (Derivataon of term r^rad T\ 

484. How refracted by air aud water? (llluatrute by diagram.) 



*(13 

485. WheD light 
p & B 8 e B obliquely 
Irom a denser to a 
rarer medium, as 
from water into air, 
it is retracted from 
a perpendicular to- 
ward a horizontal. 
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to tlia obHqnitf of 

486. In consequence of the refraction of light toward 
a horizontal direction, in passing from water into air, a 
pole, half of which is in the water, seems bent at tlic 
surface, and the lower end seems nearer the surface than 
it really is. For the 
same reason, the bottom 
of a river seems higher, 
if Been obliquely, than it 
really is ; and the water 
is always deeper than 
we judge it to be. 
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487. The refracting power of different transparent 
substances depends mainly upon their density. Water 
refracts more tJian air, glass more than water, and dia- 
mond most of all. But the angle of incidence, or the 
obliquity of the contact of the rays with the denser 8nl> 



4BA. TTov w^eo ll^ht piwHfw IVorn rlenHor to mrer mfldiqmB f (Disffroia.) 
IBS. ElTeot of refrsctiun upon olijects txiea under waMr ! (IMBgrain.) 
4ST. Dpon what doei the re&iotmg power et' diCTerent tmupkreut media 
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stance^ has also much to do in determining the amounfc 
of refraction. 

488. By the aid of re- 
fraction, we maj' see ob- 
jects that are actually he- 
hind an opake or intrans- 
parent body. 

Here the piece of money at A, at the 
boltoin uf the <mi|). would he invlMble to 
the liehuhler at 11, if the cup was emjity, 
bs Ute li}rht thnn the money would pass 
from A to C: hut when tlie cup is filled 
with water, the Uglit is refracted to B, 
and tlie l>eliulder eees the luouey appei- 
rently at D. 

489. By the law of refmction, light has been found 
to consist of a combination of colors. By passing a 
beam of light through a triangular piece of nint glass 
called a prism^ it is seen that some parts of the light are 
more refrano:ible than othei-s, so that the light is analyzed, 
or separated into its component parts or elements. 

BETBAonoar by a pbism. 





Violet. 

Indigo 

Blue . . 

Green. 

Yellow 

OniRge 

Bed... 

"White f^C^ 

i^et a ray of light from the ran be admitted thmnsrh a hole tn the window shntt«r, A 
into a room fr«>m which all other light iM exclndeil : It will form, on a screen placed a lit- 
tle distance in front, a circular image, B, of white light. Now, Interpose near the shut- 
ter a glass prism. G, and the light, in passing through It, will not only be refracte<l In the 
«ame direction, l>oth when it enters tne prism and when it leaves it, but the several rays 
of wbloh white light is composed will be sepanttecL and will arrange in regular order on 
the screen, Immedifttelv above tlie image B. whieh will disenpear. The violet ray, it 
will be seen. Is most refracted, and the red leas^t : the whole forming on the screen un 
elongated image of the sua, called the tolar spectrum. — Jchnt^Uyn, 



488. What other effect of refraction ! (How illnstntodf) 
48d. What didioovory by refraction^ (How mode?) 
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490. It is the refraction of the cloads that gives the 
sky its beautiful colors morning and evening ; and the 
refracting power of the rain-drops produces the beautiful 
phenomenon of the rainbow. 

ATMOSPHEBICAL BEFRACTION. 

491. The refracting power of the atmosphere producea 
many curious phenomena. Sometimes ships are seen 
bottom upwards in the air, single or double. At other 
times,* objects really below the horizon, as ships or 
islands, seem to i*ise up, and to come distinctly in view. 

492. A very important eflfect of refraction, as it relates 
to astronomy, is,. that it more or less aftects the apparent 
places of all the heavenly bodies. As the light coming 
from them strikes the atmosphere obliquely, and passes 
downward through it, it is refracted or bent toward the 
earth, or toward a perpendicular. And as we judge of 
tho position of the object by the direction of the ray 
when it enters the eye, we place objects higher in the 
heavens than tliej really are. 

ATMOePHBBICAL BSTRAOnON. 




T^t A. !n the cut, represent the earth : 3, the atmofephere; C C, the visible horizon ; 
and tlie exterior circle the apparent concave of the heavens. Now, as the light ptissea 
from the sUrs, and strikes the atin«8i>here, it is 8een to curve downward, because it 
strikes the atmosphere obliquely: and the air increases in density as we api>roacb tlie 
earth. But as the amount of refraction depends not only upon the density, bnt also 
upon the obliquity of the contact, it is seen that the refraction is j^'eatest at the horizon, 
and gradually diminishes till the object reaches the zenith, when there is no obliquity, and 
the refraction wholly ceasca. The dark lines in the cat show the true, and the dotted 
the apparent positionSb 



490. What other effects of refraction ? 

491. Atmospherical refraction ? Etiects on terrestrial objects ? 

4^2. Upon apparent plAces of stais, <&c ! (Diagram. What stud of esog 
guration t) 
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tn (be ont, the depth of the atmospbere, as compared with the globe, is groatlj exag- 
gerated. Even allowing it to be 50 miles deep, it is only ^'^th of the semi-iliameter of 
tlieiflobe, which is equal to only about J,Ui of an inch upon a common 18>intih globeu 
iiut it was necessary to eza^terate, in order to illustrate tiie principleu 

493. The amount of dispLicemeiit of objects in the 
horizon, by atmospherical refraction, is about 33', or a 
little more than the greatest apparent diameter of eithei 
the sun or moon. It follows, therefore, that when we 
pee the lower edge of either apparently resting on the 
horizon, its whole disk is in reality below it ; and would be 
entirely concealed by the convexity of the earth, were it 
nut for refraction. 

494. Refraction sometimes* causes the sun and moon 
to appear elongated horizontally, when near the horizon, 
and seen through a dense atmosphere. The rays from 
their lower limb being refracted more than those from 
the upper limb, on account of coming to us through a 
lower and denser portion of the atmosphere, the lower 
])ortion seems higher in proportion ; or, in other words, 
tiie perpendicular diameter of the object seems the 
shortest. It is then called a horizanial moon, 

495. Another effect of refraction is, that tlie sun seems 
to rise about three minutes earlier, and to set about thi*ee 
ininutes later, on account of atmospherical refraction, 
tiian it otherwise would ; thus adding about six minutes* 
on an average, to the length of each day. 

The atmosphere is said to be so dense about the North Pole as to bring the snn above 
the horizon some days before he shoaUl appear, according to calculation. In 159d, some 



I>utch navigators, who wintered nt Nova Zembla, in latitude 76^, found tliat tlie snn lie 
vli " " 

mi 
much as with us. 



gan to be visible 17 days before it should have appeared by calculation ; and Kepler 
computes that the atmospheric reftactlon must have amounted to 6P, ot 10 times as 



41^6. The twilight of morning and evening is produced 
]>artly by refraction, but mainly by reflection. In the 
morning, when the sun arrives within 18° of the horizon, 
his rays pass over our heads into the higher region oi 
the atmosphere, and are thence reflected down to the 
eaith. The day is then said to dawn^ and the light 
gradually increases till sunrise. In . the evening, tliifi 

493. Amount of displaoeraent of celeatial objects by refh^tton f Whot 
follows ? 

494. What effect upon apparent form of moon, <&c. f 

495. On length of davB ? (How about Nonh Tolo?) 
4t)e. Cause of twOLgUf (Note.) 
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process is reversed, and the twilight lingers till the sun 
id 18' below the horizon. There is thus more than an 
hour of twilight both morning and eveiiing. 

In the arctic reglona, th« san is never more than ISP below the horizon; ao that the 
twilight oontlnuea daring the whole night 

497. In making astronomical observations, for the pur- 
poses of navigation, &c., allowance has to be made for 
refraction, according to the altitude of the object, and 
the state of tlie atmosphere. For this purpose tables 
are constructed, showing the amount of retraction for 
every degree of altitude, from the horizon to the zenith* 




BEFBACnON BY GLASS LENSES. 

498. A lens is a piece of glass or other transparent 
substance, of such a form as to collect or disperse the 
rays of light that are passed through it, by refracting 
them out of a direct coui-se. They are of different forms, 
and have different powers. ^^^^^ ^, „„„nnr,i«. «.»w.^ 

< UNSK8 or OIFFKBXIIT POBMS. 

In the a<\joining cut, we have an edgewise a b o » ■ # 

Tiew of six d liferent lenses. 

A is a plan/Mion'Mx, or half a donble con- 
vene lens; one side being convex, and the other 
plane. 

B is a plafi4heoneave ; one surfiioe being con- 
cave, and the other plane. 

G is a dcutdf-iwnr^* lens, or one that is 
boun(ie<l by twu convex surfaces. 

D is a douf}U^i-onca^M Ichs, or a circalar 
piece of glass hollowed oat on both sides. 

£ is a concavtt'vonwse Ions, whose carves differ, bnt do n<»t meet. If produced. 

F Is a mintecua, or a «x*ncavo-convox lens, the curves of whose sor&oes meet. 

499. A daubU'Convex 
lens converges parallel 
rays to a point called 
i\\Q focus ; and the dis- 
tance of the focus de- 
pends upon the degree 
of convexity. 

In the first of these cuts, the lens 
I" ^ito thick, and the Ibcus of tlie 
R-vs is quite near; but the other 
*>.'»ing lose convex, the focus is more 
ronnoto. 
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4t97. What allowai ji for refraction ? Table** ? 
41*8. WMiat is a len« f '^Dravv and describe different kinds ?) 
4*j9. Retracting powei of douMe-concex lco;>? Focal distance f 
Vtd illiiBtruto.) 
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600. The dietance of 
the focus of a doubU<(»\r 
vex glaee lens is the ra- 
dius of the sphere of its 
convexity. 

In thb eat, It win be mm thit ths 
ptmllel nyt A in nlnctiti la ■ R«ui 

•qaal to On cant at Uh drds D. 

501. The focal distance of a plano-oon/vex lens is equoi 
to the diameter of the sphere formed bj the convex surface 
produced. 

It nnut ba bgHH ta mind 
IbU Ib^t b nfMetad botli 
vhen it «ten mKI wbta U 





the asnyti inrftce of tbs 1«u ; whil* with tlie donb1»4anTai Itni, ' 

- .. only rqml to 11.8 rodiM of moh uphsre. In lh« cot, lh» pirallpl 

i>f 1 A ■» nfracleil to a foouitB, bilhe plrniD-canare lena C; ud Ebs dlatince G B 
taUwdUnuUiortlie elicia D, tinned b; IbB nniei snrlkce or Ifae leu U prodiiosiL 

502. A dtnMe- "" biwh.« bi Hrmicnos. 

concave lens (f««- 
perees parallel 
rays, ae if tliey 
diverged from the 
center of a circle 
formed by the con- 
vex surface pro- 
duced. 

In tb[> ent, Ibe panM nfi k in dbpaned hf (h* donbte-eonesn ]eD> B, >• thnwn 
at O; ud (lieir dftaetkio. H thai nfneted. Is the Hme ■• IT tlie; rinK«de-1 lyum in^ 
BolDt D, sUch li tlw BUtw ol > uteto >«m*d bf Uw ooacavB siunoa of tbe leu |>iv 



SOO. How fiica] diitanoe ROTern«d t (Diagrnm.) 

BOl. What U tlie foiaJ distance of tplario-emHUX loiw ' (Dlagnim.) 

B02. KtEMtoTAMiUMOMnleiul .Amount of divergeiuir of »>'« t (Du- 
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503. Oommon epectac1ee,opera-glaBacs, bnrnIn|:-^laBM* 
and refracting telescopes are maae by coiivergmg liglit 
to a focns, by the use of double-convex lenses. 

The ordinary bnrDin^glaae, which may be bought for a 
few ehillinss, ie a double-convex disk of glass two <»■ three 
inches in diameter, inclosed in a slight metallic frame ' 
with a handle on one side. unrama-oiAi* 

Old tobaccoemokere some- 
times carry them in their 
pockets, to light their pipes 
with when the sun shines. 
In other instances, they have, 
been so placed as to fire a 
1 in clear weather, by 



igniting the priming at 12 
o'clock. 



tag-gtanniiinriilnR (he»»v»nf 



SEFLBonoir or uqht. 

504. We have now shown how light may be tnme<1 
oat of its course, and analyzed, dispersed, or converged 
to a point by r^raction. Let us now consider how it 
may be converged to a focus by reflection. 

506. When light falls upon a highly polished snrface, 
especially of metals, it is reflected or thrown off in a new 
direction, and the angles of con- 
tact and departure are always 
'eqnal. 

lal A B ninMat ths noTMnd mtUllls nii^ 
tux. C lh« Hunt or lliihC, uxl Uh ttrowi tha 
«stl« of thu i>r. *""! » •™" 



503. What utlolei mtdawilli doaHe-MDTU leoBcet Ums? (Po 
biiniuie;Dlaiia«t) 

' BOi. WbatnowBhownln tbipobapterl Wfait netlt 
BOS. WhMu>«(M(iii»,iutd wL«ad«w ittaka plwel Wlwt 1«» Oi 
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.606. A concave ndrror reflects parallel rays back tc^a 
focus, the distance of which is equal to half the radius 
of the sphere formed by the concave surface produced. 



uvuBonoir bt ▲ cosokyn wkbok. 




- In thti eat, tbe parallel rays A 1U1 npon the oonoave minor B B, ami are reflectMl to 
the focus G, which is half the radios or the sphere formed by the snrfiioe of the mirror 

J produced. If; therefore, it was desirable to construct a concave mirror, having its Ibcut 
feet distant, it would enlj be ueeessary to gHnd it on tbe circle of a sphere having a 
ndins of SO feet 

507. In reflection, a portion of the light is absorbed or 
otherwise lost, so that a reflector of a ^ven diameter will 
not converge as much light to a focus as a double-convex 
lens of the same size. In the latter case, all the light is 
transmitted. Still, reflectors have been formed of such 
power as to melt iron, and other more difiicult sub* 
stances. 

We liave now considered so mneb ^ optics as is necessary to an nnderstandlng of the 
^nciples upon which telescopes are constructed; and, for lurtherparticuUira, shall refer 
the student to books of Natural Philosophy. 

^. How does a concave mirror reflect parallel rays ? Distance of focut ? 
(Dia$rnim. How would yon constmct a concave mirror with a 10 feet focns^) 

507. U ail the light &Ulng upon a polished Bar£M)e reflected f What ilicn i 
{^lotting note ?) 
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CHAPTER II. 

TELES0OFS8. 

508. A Telescope is an optical iiistrument employed in 
viewing distant objects, especially the heavenly bodies. 
The term telescope is derived from two Greek words, viz., 
tele^ at a distance, and skopeo^ to see. 

509. So far as is now known, the ancients had no 
knowledge of the telescope. Its invention, which oc- 
curred in 1609, is usually attributed to Galileo^ a phi- 
losopher of Florence, in Italy. 

The disoovenr of the prindnle npon which , the refrncting telescope Is constrncted 
was pnrely accidentaL llie children of one t/a'nMn, a spectacle-maker of Middleburgh, 
Id Holland, being at play in their father's shop, happened to place two glasses in sach a 
manner, that in looking through them, at the weather-cock of the elmrch, it apfiearod 



to be neantf and much larger than nsmtL This led their ihtber to fix tlie glasses upon « 
board, that they might be ready for observation ; and the news of the discovery was f^m 
conveyed to tlie learned tbrougboat Europe. Galileo hearinc of the phenomenon, soon 
discovered the secret, and pat the glassiw la s <u6«, instead of on a board; and thus tho 
first telescope was constrncted. 

510. The telescope of Galileo was but one inch in di 
ameter, and magnified objects but 30 times. Yet with 
this simple instrument he discovered the face of the 
moon to be full of inequalities, like mountains and val*- 
leys ; the spots on the sun ; the phases of Venus ; the satel- 
lites of Jupiter ; and thousands of new stars in all parts 
of the heavens. 

Notwithstanding this propitious commencement, so slow was the proeress of the 
telescope toward its present state, that in 1818, Bonnyeastltf qieaks <^ uie 80-fold mag- 
niiytng power of the telescope of Galileo as ** nearly the greatest perfection that tixin 
kind of telescope is capable of P 

611. If he be the real author of an invention who, 
from a knowledge of the cause upon which it depends, 
deduces it from one principle to another, till he arrives 

508. Subject of Chap. II. ? Telepcope ? Derivation ? 

509. Ancient or modern ? Inventor i (Incidents of discovery ?) 

510. GiilUeo^s telescope? Discoveries with it? (Progress in telesoojro 
making ?) 

611. Is Galileo entitled to the hon<»r of inventing the telescope? (Wharo 
*A his ?) 
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at the end propobOd, then the whole merit of the inven- 
tion of the tejescope l)elong8 to GaZUeo. The telescope 
ofJansen was a rude instrument of mere curiosity, acci- 
dentally arranged ; but OalUeo was the first who con- 
structed it upon principles of science, and showed the 
practical uses to which it might be applied. 

It i6 Mid that the original telescope oonstracted by Galileo la fX\\\ preecnred in the 
Britihh MoBeiim. A pigmy, indeed, in its way, but the honored proijenitor of a raoe ol 
^tantsY 

512. The discovery of the telescope tended greauy to 
sustain the Copernican theory, which had just been pro- 
mulgated (10), and of which Galileo was an ardent dis- 
ciple. Like Copernicus, however, his doctrines subjected 
him to severe persecutions, and he was obliged to re- 
nounce them. 

The Ibllowing is his rennndation. made Jane 28, 1688: *'I, Galileo, in the sey^ntietb 
year of my age, on bended knees before your eininencea, having liefiire my eyes and 
wnching with my hands the Holy Gosiiels. I cnrse and detest the errur of tlie carth^s 
D'lvement^ As be left the court, however, alter this forced renanciation, lie is said 
to have stamped upon the earth, and exclaimed, ** It does move, after all !"* Ten rears 
alter this he was sent to prison for the same supposed error; and soon, bia age advan- 
cing, the grave received him from the malice of his penecntora. 

DIFFEBENT KINDS OF TELESCOPES. 

613. Telescopes are of two kinds — Reilectora and Be- 
fractoTS. Befracting telescopes are made by refraoti/ng 
the light to a focus with a glass lens (499) ; and reflect- 
ing telescopes, by reelecting it to a focus with a concave 
mirror (506). Besides this general division, there are 
various kinds, both of reflectors and reiractors. 

514. Telescopes assist vision in various ways — ^first, 
by enlarging the visual angle under which a distant ob- 
ject is seen, and thus magnitying that object; and, 
secondly, by converging to a point more light than could 
otherwise enter the eye — thus rendering objects distinct 
or visible that would otherwise be indistinct or invisible. 

All the light fkllinff npon a six or a twelve inch lens may be converged to a fticus, so 
118 to be taken into the human eye throagh the pnpiU which is but one-fourth of an inch 
in diameter. Our vibion is thus ma<le ai* perfect by art as if nature had given us ability 
U> enlarge the eye till the pupil was a foot in diameter. 

612. Relation of difioovenr to Oopemioan theory? Etfeots upon Qaliloof 
(Hw renunciation ? Death 1) 
518. Kinds of telescopes ? Describe. 
&li. How oMiat vision t (UlnstratiTe note f) 
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515. Kcfracting telescopes may consist of a doablo« 
convex lens placed upon a stand, without tube cr eye- 

t)iece. Indeed, a pair of ordinary spectacles is nothing 
ess than a pair of small telescopes, tor aiding impaired 
vision. 



KCTBAOTIKO TKLBCOrS WITO ▲ 8IN0LB LBXii. 




Here the pantllel inysaro seen to pem tliroiifrh the lenii Ht A. and tn be m> ennverged to 
ft point an to enter the e\'e «>f tlie l>eholii«r at li His eyo \* tliiw virtually enlar]|ee<l to the 
size of tlie lent* at A. But ft wonid he very difflcnlt to direct micIi a teleactipe toward 
colettial f»bjecta, or to get tlie eye in the li»ciu» aA«r It was Uiil^ directeiL 

616. The Galtieofi telescope cons'stb of two glasses— 
a doulle-canvex next the object, and a double-concave 
near the eye. The former converges the light till it can 
be received by a small double-concave, by which the con- 
vergency is corrected (502), and the rays rendei-ed paral- 
lel again, though in so small a beam as to be capable of 
entering the eye. 

•AUUUX TBLI800P& 




Here the light Is «!onyerged by the lens A, till it can be received by the donble-cotio 
cave lens B. by which the n^ are made to become a Rroall parallel beam, that can enter 
tlie eye at 0. Thin was the lorm of the telescope t^onstrticted by Jannen^ and improved 
br Galileo: ihi which aooonnt it is caPed the GtililMin Metieope, In the cat, the two 
lenses are repreii«nteil as futened ti* a innird, as first exhibited by Janaen. 

517. Tlie common s^^riMnomical telescope consists of 
two glasses — viz, a large double-convex lens next tbo 

615. SiinpIeMt form of refructiiij? tele(^M>pe i ( Diaff mm ?) 
510. (rukUan telescope f (Diagram auil explaiwtioa ? Wliy onllwl 
Uanf) 
617. How oommon aatrouonuoal telesoopM mad« f Wfaj in tnbo t 
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object, called the ohjeet-gldss ; and a small double-convex 
leiis or iii!cro8cc»|H3 next the eye, called the eye-piece. For 
the p eater convenience in using, they are botn placed in 
a tube of wood or metal, and mounted in various ways, 
according to their size, and the purposes to which they 
ai-e devoted* 



UBxus PLAOO or A Tiri 




Bisnuomio TaLiaoon woiofm» osr a rahih 



A tp the eiif^tt-ifhiim, B tW ef^&fnece^ and O die plaee wh«« the tab* In wlileh tb* 
cy«-pi«>c«} is (tet. »Me» in and out of the large tabe, to a^lust the eve-piece to the focal 
tfistanet^ By plmsfng ilie Wnses in a tatie, the eye la easily pkoad ui the liouai and tlw 
«mecbtraaa diracteU (uwani any deebed ol^ect 

518. Tlie object-glass of a telescope is usually pro- 
tected, when not in use, by a brass cap that shuts over 
the end of the instrument ; and the eye-pieces, of which 
there are several, of different magnifying powers, are 
so fixed as to screw 
into a small movable 
tnlje in the lower end 
of the instrument, so 
as to adjust them re- 
8 ^ectively to the fo- 
cus, and to the eyes 
of different observ- 
ers. Such telescopes 
usually represent ob- 
jects in an inverted 
position. B 

The aiflolniaf eat l e p t caen ta 
the simpleet form of a mounted 
refractor. The oii||eet-ghM8 to at 
A, where the brass cap may be 
seen ooverliM; ft B to the small 
tobe into wbidi the eye-piece 
is screwed, and which to moved 
in and out by the small screw 
C Two eyepieces imnr be aeea 
at D— one short one, f*r asiro- 
iiomfcal ifliser vatioiHi : and a 
long one. for land ohjtnrrs. For 

' 4ewing tlie snn. it to m*«'eM«ifiry to add a screen, made of colored flasa. At S, a belt goea 
I tto a socket in the t<»p of the stand, in which it torus, allowing the telescope to sweep 




518. How obiectrf^Mm protected f What said of eye-pieoes? (Gat and 
explooatioiif) 
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mmod tile bortsmi; while the Joint, oonneotliiff the saddle la which the teleMNme i^ste 
with the top of the holt, ellows it to he directed to any point between the boruon an4 
the lenith. But snch standB uuwer only for oomparatiyel j miiall instnimenUk 

519. Befracting telescopes are mounted in various 
ways. So important is it that they should not shake oi 
vibrate, that, in most observatories, the ^and rests upon 
heavy mason-work in no way connected with the build- 
ing, so that neither the wind nor the tread of the ob- 
server can shake it. They are then furnished with a 
double axis, which allows of motion up and down, or 
east and west ; and two graduated circles show thepre- 
cise amount of declination and right ascension. They 
are then furnished with clockwork, by which the tele- 
scope is made to move westward just as fast as the earth 
turns eastward ; so that the celestial object being once 
found, bv setting the instrument for its right ascensioli 
and declination, or by the aid of the Finder — a small 
telescope attached to the lower end of the large one — it 
may be kept in view by the clockwork for any desirable 
length of time. A telescope thus furnished with ri^ht 
ascension and declination circles is called an EjxMntonal^ 
or is said to be emiatoriaUy nwunted^ because it sweeps 
east and west in tne heavens parallel to the eij[uator. 

520. The object-classes of telescopes are not always 
made of a single piece of glass. They may be made of 
two concavo-convex glasses, like two watch crystals, with 
their concave sides toward each other, or with a thin 
double concave glass between them. They are thus 
double, or triple ; but when thus constructed, the whole 
is called a lena^ as if composed of a single piece. Lenses 
have also been formed by putting two concavo-convex 
glasses together, and filling the space between them with 
some transparent fluid. These are called BaHow lenses, 
from Prol. Barlow, their inventor. 

521. As a prism analyzes the light, and exhibits dif- 
ferent colors, so a double-convex lens may ani^lyze the 

519. How refVactors mounted, and why ? When equatorial, and why % 

520. How object-glasses made ? What a Una f A mtrloun lenb I 
621. What is an Achramatie telescope ? (Derivbt::>n of tenn ?} 
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light that falls near its ciicumference, and thus represent 
the outside of the heavenly bodies as colored. ]3ut this 
defect is remedied by usiag disks made of different kinds 
of glass, so as to correct one refraction by another. Re- 
fracting telescopes thus corrected are called Achromoitio 
telescopes. 

Aohromatie is from the Greek a ^irama^ which aignifies destltnte ef color. Mofk 
refracting telescopes are now so constructed as to be achronutia 

522. It is but recently that any good refracting tele- 
scopes have been made w this country. The best have 
been made in Germany and France. Several ver^ good 
instruments have been made by Alvan Clark, Esq., of 
Boston, Charles A. Spencer, Esq., of Troy, N. Y., and 
tiie late Henty Fitz, Jun., of New York City. 

The anthor was personallj well aoqnainted with Mr. Fits, and durlBg his 1)fo gAre 
flivorable desorintlons of his instruments in these pageSband did all that he could to 
make his capabilities known to the American publio. Ho made his first telescope in 
1886. In the winter <^ 1841 he invented a method of perfecting object-glasses f )r 
reflnacting telescopes, m&king the flrat one of the bottom of an ordinary tumbler, in 
the lUl Of 1845 he exhibited at the Fair of the American Institute, an instrument of 6 
inches aperture, which, althouglt made of eommoa Ameriean material, in the way of 
flint glass, was a yery excellent inatrumeiit It secured him the friendship of noted 
astronomers, and from that time forward he devoted himself to the business d 
teIesoope-makin« with a good degree of sacoess. Gontinuimy progressinir in size, he 
finally succeeded in making instruments of 16 inches aperture, one of which is now 
in the posseaaioii or Mr. Van I>iuee, of BuflUo, N. Y. He made two of 18 inches, one 
for the Dudley Obsenratorr, at Albany, and the other for an assooiafmi of gentlemen 
at Alleghany City, Pa. Of 19 inches aperture he ^oduced one fat the Observatory at 
Ann Arbor, Michigan, and another for the Vassar Female College. He made for Mr. 
L. M. Butheilbrd, of New York, at various times, teleaoopea of 4, 6|, 8, 9, and 1H 
inches aperture; the last,' an iaatmment of renoarkiAle defining power, is now 
mounted in Mr. BBtberford*s Observatory in Eleventh Street, New York city. Mr. 
Vickers of Baltimore haa a 10-inoh. Several of the siae of 8 and 9 inches are scattered 
over the eonntry. The British Ohargd d^AflUres at Montevideo has a 9-inch. Mr. 
CampbelL of New York, has an 8*ineii. Of a laxge number of 6 inches aperture, one 
very fine instrument was ordered by the United States Qovemment for Ideut Qillies^s 
expedition to Chili; it is still in the Observatory of the Chilian Qovemment At 
about the same time he made another of the same size for Mr. Bobert Van Arsdale, 
of NowarlL N. J Mr. Thomas F. Harrison, Principal of the Public Grammar 
School in Greenwich Avenue. New York, has another mounted on that building. In 
1809, M. Foueault annonnoea to the IVench Academy of Science a great discovery in 
the manufacture <^ teleseopes — local polishing— a discoverr that Mr. Fitz had been 
using for fifteen years. When he was seized with his last illness he was about to go to 
Europe to select a glass for a 24-inoh telescope, the ambition of his Uiter years. 

523. What said of the manii&ctare of telescopes? What Americana 
bave made them ? What said of Mr. Fitz*8 telescopes ? 

10* 
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523, The sTx>ve cut represents an eqnatorial telescopo 
tnaiiiitViclnred bv Mr. Henry Fitz,of NewTork — tbeone 
used liv the author in making most of his otiservatioue. 
Its 'itiject-fflass is ei\ iiicliee in diameter, and its tiicaJ 
k-nafh' eijrlit tVet 

A It ■lirit«HI>Ml»ii<HRlt,Hiil 8 tlif rinlenr rlflit imnnron. Th* tvo Mickt hui^ 
liwlhiin tlmv rlrrrm »« nvd ■•• inniaUir ln>iruiiivnl In rl|iht laHMJiai or itoetlnMluii, 
wlitif Ihr ••UimT if w ihr fj^i-iilFrr. 

Thf Flinlftt •ivB uudinl iiiUm I'lverand orihe lujir indtranwnt. I[ MkM In 
A linnt Ar'il if v(rw In tilt? h^vtiH Umn tli« 1fiT(«r. and enahle* the obAiTver u look 
■I>uliK<ir wiMilKllitf.anilbrliEilirin Ini.iilia Hclil or Uif rarzerlimtniinsnL 

imrli, Uh Inp of vlikli inijrboHfnIn the cut; inii In iIk liindi of lu nnHatvwDK 
l^'rit IL EntbMford, K»g., li« alrHilr nndind v*>7 ■IT'lcDt MTvla. 

AJi. Mr. Ent])erf<nil'* tcleico{>al B7 whbia mad* 



DiPT iatior r kinds of telrmcopsb. 



624. The above cut remesents one of the most im- 
portant teleacopes in the United States. It is locited 
in the observatory on Monat Adams, near Cincinnati, 
Ohio, and was tor several years onder the direction of 
the late Prof, 0. M. MitcKd, by whose instrumentality 
it was purchased and mounted, 

Tb<^ Dl^ect-Ela» l> iibua- 19 
^aa jiDTdiuM Ln Mimlch. Gi 
dMart. Than !• mv trni ii 
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' 535. Tliia instrnmont is located ID tbe Observatory of tlic High 
Suhool of Philadelphia. Its focal length is eight feet, and itt 
aperture six inches. It waa made by Merz & Maliler, of Munich, 
and cost {2,200. 

* Wc an Indeblpd to th* eonHsty ••( Muan. Hirjw Bmthen. of Now York, Cu 
- «Dp1oftiJflev«nil of thess DDtB rrom their Monthly Um^ulne fitr J Dn^ IQM. 

B23. Tb>PLilb.'«l|>lil>iV>Ht«t B1»I Byvhomnndkl OMt? 



£26. This inBtrament han R focal length of sixteen feet, with 
an object-glass thineeD-and-a-bilf inches in diameter. Its focal 
length ia tberefore about four tr.et Jess than is nsual in the Mu' 
nich instmraeDtB of the same aoprture. The flint and crown 
glass diaca for it were imported from Germany, and t!ie iiistni- 
ni'uiit was made bj Mesars. Spencer ^ Ka'on, of Caiiastota, N. Y., 
at a cost of tlO.OOO, It is reported 'o b« a very superior tele 
■eopc, and, in workmanship, is r^trdcd m fully equal to the 
Munich iostriiments. 

. est. Blm of Ills Himlltiia Oolicia tclcMopal UliU ,ia<a'a-ltT s>-l'!islbr Bf 



S27. This BDperb instnunent » mounted in the Ihidley Ob 
sorvatoiy, at Albany, and is one of the most important instm 
ments iti Amcricft. Itn focal length is IS feet 3 inches. ']'h< 
<ibjv(!t-glHiw, made by the late Henry Rta, of New York, fs 1; 
inches clear npertare, and the tube is of mahogany, constnicti- 
by glueing together strips of about an inch in width. A fiadei 
<T smull telescope for finding objects, b seeit attached to tb- 
!owcr end of the Jar^e iastrumeDt. 

Slf. Wban laoMir M»r Bj irhnm nud* I Wbit uid n' tnlMl nndraf 



BEFRACTINa TBLEBCOrES, 



626. l^is is probably the b««t ins' i ninent in the United States. 
Its ubjcct-glaas ia 15 incbea in diatu ter, with a focal length of 
23 feet 6 inches. It baa eigbtecji dit!'(;rent powers, ran<riii<r frimt 
103 to 2,000. It was made by Mere & M^lur, of Munich, lin- 
varia, and coat ttQ,842. 



la tb» nvolTlDf doiLA of tbAobMrrttny, uid tlie abfOTcr 



t IbfMflatrviittI Sf vbom madiit Ooitttlbc 



629. This is th^ largest refracting telescope ever con 
Btructed. Hie object-glass ie two feet in diameter, witb 
a focal distance of 76 feet. The tube is of heavy sheet 
iron, and shaped somewhat like a cigar. It ia 13 feet in 
circiimference in the largest place, and weighs abont 
three tons. 



Tlili UlMOOr* b niaiHQdiiil ftnm ■ brick tomrffi ftHt blch, 15 fcetlo i 

nel^inR WO KHii. "nifl lo- ■-■-•- -■-- ■-■ ■ 

.oIvm; .nd bT ( oholi 
ftnri n^Kd or lowered. 



ha lop af the inonr, fhum which the lilescom la in 






It !• locUMl u Wu 



TS41TSIT meTRUSIESTB. 



530- A TVonsif Instrument is a telescope nse<] for obRerfing 
the transits of celestial objects scroM the meridian, for the pnr 
'posB of determiaitig ditferences of right ascension, or obt^nitig 
correct time. They are nsoally from six to ten fret long, and 
are mounted opon a horizontal axis, between two abutments of 
mason-work; so that the instrument, when horizontal, will point 
exactly to the south. It will then take objects in the heavens, 
vh«n they are eiat^y on the meridisn. 

The Transit Instrnment and Mnral Circle have been combined 
in one instrnment, called a Meridian Circle, as shgwn on & sub- 
sequent page. - 

Lat A D In the ent irnp»ent tbe lelrKone, und E snd V Itw sut and v«rt ibntir^nts. 
Iwtinsa<>h1nllll)apla.'rd. On Ilia left l> teen, atUcktd MUiemuDnH«k,>gndiiiiU'>l 

to [he'drclcuu index. Now. gnrpow Ibi IndMt n to be it a, In Um npHr luin 'iTili? 
circle, when IheleleKoiKlitaorlionu!; thenlTtbe merldbui nlMUdeof ttie iibj.-i't tnlir 
taken it 10-, the Indei ni[i>tlM moved 10' from H^ utile degree* on the drdouit lliu 
iltltadi vt 111* Dbject >U1 correBpond. 



PSO Whit ii I tnult tn 
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531. Ao AatronomioalCtoeki&tiiHockBdAptedtokee^ 
exact sidereal time (136). 

Tiklu Uw TBTinl •qnbiai tn tb* Imstcm m Uw nn polBt, nd nckontnc U Imnn 
■■twva to th* Hine p^nt neilii, til* Ume— fenkonlDf lA^ lo u boor — wbmwi ii1Jn4 
ruHM lb* msHdivi, wM ilonf) nprMentlbe Il(lit ManalDD oT Ibt oI^hil Hem* 
tiffat aneiuLoQ Is nsoaJly fl*»n Ld tumri, mlniiuit and Mooiub; or In timB bj U>£ 
■lawmlul okMk, Ht bj Uia fcnial tfoliiax. 



533. A Mwat CireU is a large graduated circle, witli 
a telescope croesing ite center, used for tlie meaettrement 
of the altitndes and zenith distances of the heavenly 
bodies, at the instant of their crossing the meridian 
They are usually fixed npon a horizontal axis, that turn? 
in a socket firmly fixed m a north and south wall. The 
degrees, minutes, and seconds on the circle are read bj 
means of microscopes, and indicate the altitude of th( 
object. 

Id tbecDt. AI>inM1iirin<CTia»I«,iuid BODRUmwiII is irbleb tbc rinle la it 
Ucbcd. Tbsul<«o|wiroalddcnaHui1tltailaaf*bouttO°, vhlcbsouldlaTaW^K 

£S1 . An Mtronomio*! clock t Koir rat t How indicate right ■aoaiuiaii Oi 

M t How moaotod t (Bow Mvmt'-a 



633. This inatnimeot is located in the Kationnl Obserrstory, 
at Washington, D. C. It is monntcd apoa piers of granite, nhich 
rest tinnly apon a foundatioD of stone, eitending ten feet below 
tlie ■ ir&ce of the gronnd. The objcct^Iass was fnniighed bj 
Mcnc & Mnhler, RTid the instnimcnt was constructed by Ertel & 
Son,' Manicb. The entire cost was 11,480. 

«& VbAn loouodr Hawnwoaledt Brwbaataaiit CoMI 



Tiumir maTRvxsiFia. 



S34. Tbia is a BQpenor traosit instrameiit, vitli a mural oirele 
attached. It ia locat«tl in the east wing of the Dudley Olnerra- 
toiy, at Albany, N. Y^ and rests upon piera of Lockpiort Iime- 
slfne, which rest npoo a bed of snnd and gravel, some ten feet 
I'l'k'w the floor of the cellar. Ta^en as a whole, it is probably 
llic be6t transit instromeut in the United States. 

1. AJturalOlreUiit tarisKnulQBtnlidrcle.wlifa ■ teleMoiw ovwlu tti 
Tut Ilie mFuoivment of tbe oltUud'^ lod K'nlth diBtsnua t>t (ht hannlT t 
tiiiuint or Iheli groulnii tli« mtrM 
Ihut tarni' In ■ Bodwl flrulf fiiFi 

ul Ihi' nbJHt Tbe Hiinl Clrds lud a tnoilt iDsIrumuil, u so 



5?W 



iblned) Wlut<nU«dI 
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535. A Comet Seeker is a 
refracting telescope with a 
large aperture and short fo- . 
cal distance. . As comets 
cannot be found by their 
right ascension and declina- 
tion, but often have to be 
searclied up, by sweeping 
around the heavens with a 
telescope, belbre tliey be- 
come visible to the naked 
eye, it is important to have telescopes that will cover 
considerable space — that is, of wide aperture and short 
focal distance. Such a telescope was made by Mr. Fitz 
for Miss Mitchel, of Newport, 11. 1. 




BEFLBCTINO TELESCX)PE8. 

. 536, The Reflecting Telescope is one in which the lifijht 
IS converged to a focus by means of a concave metallic 
reflector or speculum. Like the Refractors^ they may 
be constructed with very little mounting; though, for 
convenience in use, it is necessary to place the reflector 
in a tube. 



•IMPLSST POEM op A RCPLBCTtlfO TBLBflCOPB. 




In this cat the light A is 8o«n passing; fWim the object on the right md fittling npon 
the ci>iica%'e our&ce of the reflector at R, frftiii wliicli it is reflected back to a focus, and 
ttOten the eye of the observer at c Tiiis telesoui>0 has no eye-piece. 

537* The focal distance of a concave reflector is equal 
to half the radius of the 8phe);e formed by the concavo 

535. What i« a comet ttetkert Why necesRary ? 
5ji. Describe a retlectinor telescope. ■ Simplest Ibnn . 
6^7 Focal difttapoe f (Diagram.) 



S88 



BSFLECTINO 1SL1E8(a>PE8« 



durfaoe produced. Hence to grind a reflector for a focus 
of 20 feet, it will be necessary to' have the curve that of 
a circle whose radius is 4U teet. 

roCAL DMTAMCB OF A COMCATB RBFLBCTOll 




n«n fhA enrre nf the speculum B is that of a cfrele, whose «eii* 
ter Is ; while tiie focns of the speculum Is at D, which is onlj 
half the difttance fruin B to a 



638. Reflecting telescopes nre of several kinds — viz., 
the Gregorian^ the Newtonian^ the Casaegranian^ the 
IlerscJvelian^ &C. Tlie Gregoruin liojUctoT has an aper- 
ture in the center of the s|)ecuhim, and a small concave 
mirror in the focus of the Sf)ecuhiin, which reflect* the 
light back through the aperture to the eye-piece. In 
this way the observer is enabled to face the object, and 
to direct the telescope toward it, as if it were a refractor 



B 



aitrOORI%N RBrLBCTOR. 




Here the light A fklis npon the spcrnMim nt B, and is reflected hacic to the small mir> 
nvr C. hy wliich it is thrown out. tlinHurii the aperture in the speculum, to tite e}'e of 
tiie oheerver at D. Tiie objeet is siiri|Ni(itH{ to he off on the right In the direction ttiwanl 
which the instrument is pointed. It ii* called a GrtgoHtm telescope, after Mr. Jainen 
GreiEory. who flrst suggested the construction fjt reflecting teleaoopea 

539. The Newtonian R^'jl^ctor is so called after Sir 
Isaac Newton, its inventor. Instead of a concave mir- 
ror in the focus of the S].)eculum, he placed a plane mir- 



598. How many kinds of reflectors t Describe the Gregorian. (Diagmm 
Why O'lUed Ore^orinn f) 
M9 Newtaiuaoraflectont (Diagram and eipUmatfod.) 
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ror there, inclined so as to reflect the light to the side of 
the tube, where it was received by the observer. 



XBWTOIIIAM RBFLSCTOI. 




Tli« lighv tn\m the specnlum is here shown fklUng apon the indiiied mirror in th« 
oenuir, and reflected out to the eye of the observer. 

540. The Gaasegranian Hpflector is so called from M. 
Cassegrain, its inventor. It resembles the Gregorian, 
except that the speculum placed in the focus of the re- 
Sector is conmx^ instead of concave. 

Ml. The Uerschelian ReflecUyr differs fixim all others, 
in having no small reflector whatever ; the light being 
reflected back to a focus at the top of the tejescope, and 
near the edge of the tube, where the eve-pleee is placed, 
and where the observer sits looking into the uiiiror with 
his back to the object. 



BBRSCnBLIAM TBLBSCOrS. 




Here the concave speenlnm is seen to be Inclined a little to th« lower side of.thc 
tube, so that the paraHel rays A are reflected back to the observer at B, at the side ni 
^!ie instniment, wliere the eye-piece is placed. 

542, The first telescope constructed upon this plan waij 
that by Sir William Herschel, in 1782. This was calle«i 
his 20 feet reflector, and was the instrument with whicj 
he made many of his observations upon the double stai6. 
In 1789, he completed \\\% forty feet reflector, until 
recently the largest telescope ever constructed. 



540. OasHemnian? DiflTerenc*)? 

T4t. Hersclielian ? Whore eye -piece ? • How observer sit f 

643; TiTM Herscbeliaii telewopiD? W^^iUkkif Ifextl . 



EEFLKCXrNO TKLFgCOrEB. 



543. The speculnm of this ingtminent ia 4 feet ia 
diameter, 3j inchee thick, and weighed, before being 
ground, 2,118 pounds. The tube is made of sheet iron 
riveted together, and painted within and without. 

The lenetli of ths tube l< St feet « tnchaa, ud Its weight B.M) poBBdi, It h elsntcd 
«T lowend by tukka, ucuhed to Mruiu fhuufi.work ; ud the obfierver, vfao Mn In « 
chair It the Dppec end of the lobe, wid hwhi down Inu tho nfteaot ■> the bottom, k 
'-'—' —"—rand with the InitmiiHiiL TKns perMuue necauHT to DM tbia tel» 
obaarvA, another to vort the tuba, and a third to note down Ibe obaerT^ 



dantlj' eu1cl-ed and ad 
6*3. Hersohol'Bfi).^ _ _ ^ 



541. ThiB is the largest reflectine telescope ever con- 
jtiiicted. The epeoulum, compoeca of copper and tin, 
veigbed three tone as it came from the mould, and lost 
aboat {th of an inch in grinding. It is 5^ inches thick, 
and 6 feet in diameter. It was cast on the 13th of April, 
1842, and was cooled gradnally in an oven for 16 weeks, 
to prevent its cracking, by a sndden or nneqnal reduc- 
tion of the temperatnre. This Bpeculum has a reflectine 
surface of 4,071 square inches. The tube is made of 
deal wood, one inch thick, and hooped with iron. Its 
diameter is seven teet, and its length 56. 

The entire weight of this telescc^ is twelve tone. 
It is monnted between two north and sonth walls, 24 feet 
apart, 72 feet long, and 48 feet high. The lower end 
rests npon a universal hinge. It can be lowered to the 
horizon, and raised to the zenith, and lowered northward 
till it takes in the Fole star. Its motion from east to 
west is limited to 15 degrees. This magnificent instru- 
ment is situated at Burr Castle, Ireland. It was con> 
fltmcted bj the Earl of Rosee, at an expense of (60,000- 



MnT Cooliiul Tube 



loMSMf WelfM<*«i»oiifiiinf^DUinMer' Thiok- 
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ni tm UHITBU BTATXt. 



OSHBTAIOI 



Tale CoUmmi. 

Weftleyaa unlvvni^, 

WilliMM Collcfik.... 

Hndson, OiiSo 

PhflMleliihte 

WettPoist 

WasbinftMl... 

CindDDatl 

Cambiidffii. 

Dartmuntk Colltffs. . . 
0«oiceto 
EnkfM . 
bhelby 



Columbia (& a)Oolkf* 

Colombim (Moi) 

Friends Ptiikid«l|ikte 

Ambenft Ooll«fre ••« 

Michigan UniTersity 

Dndler, Albanf , N. T« . . • 

Hamilton College 

J. Jackson, near PhtlMielphiiL ., 
Mr. Liingatreet^ Phftadelphla.... 
8. 6. Ouinmere, Burlington, N.J. 

R. Tanartdale, Newark, N. J 

W. 8. Van Dniee, BqAIo, N. Y. . 

W. S. Dickie, Kikton, K7. 

D. Mnsman, Bangor, Me. 

J. Campbell, Now York 

L. M. Kutherford. New York .... 



TELIMOPI 



Wli'Hi 



1880 
1t»88 

(1688 
)S808 
1687 
1S40 
1K4I 
1S44 

1844 

1818 
1848 

to 

isao 

1S5t 

1c«8 

1848 

1»M 

1SA8 

t86l7t 

1857 

1846 

u 

1847 
I18M 

ns6i 



1868 



Nam* of 
■»«k«r. 



Dollond. 

Lereb(»nr& 

Holeomb. 

A. Clark. 

BlmoM. 

Mfix 

Lerebourik 

Men. 



Sim 

rtts. 

Men.: 
Fits. 



Clark. 
Fit& 




M 
M 
tt 

« 

« 
tt 



Focal 


iMfftk- 


ft. in. 


10 — 


T — 


10 — 


9 — 


6 6 


8 4 


8 — 


16 8 


17 — 


88 « 


8 — 


7 6 


T — 


10 4 


8 4 


ft ~ 


T — 


8 6 


17 - 


16 8 


16 — 


8 4 


7 — 


6 — 


7 - 


8 4 


11 — 


6 — 


5 ^ 


10 — 


i 9 6 






incheib 
6 
6 

refleetor. 

T 

4 

f 

8-8 

18 
16 

64 

48 

6-6 

7-6 

? 

6 

U 

m 

13 
18|- 

6 8-10 

5 

4 

6 

6f 

H 

4i 

4 

8 

9 



CmU 



$1,000 

1,000 



1,900 

6,000 

9.487 

19,848 

1,600 
1.050 
8w500 
1,800 
t& 

1.80O 

6,000 

14.500 

iauoo» 

1.S88 

900 

425 

750 

1.0(10 

2,280 

800 

885 

1,150 

8.800 



.voiBioM onasnTATonm-oTnus latitvds and u>iioiT9Dn. 



OanaTATOBiia 




Utit»la^ 




Loncilud* In Tfanc. 


AHona. 

▲rmacli 


68 

64 
fi8 
60 
68 
88 
M 
68 
68 
66 
61 
. 61 
64 
"48 
88 
48 
60 
41 
46 
48 


88 

81 
80 
51 
18 
66 
40 
88 
88 
67 
81 
88 
48 
8 
6 
60 
68 
68 
4 
18 


45 
18 7 

16. r 
10. r 

61,8 

8 
58 
47.1 
18 

88.9 
47.9 
88.8 
60.4 
46 
44 
18 

99.7 
64 

« 
86.6 


N. 

N. 
N. 
N. 
N. 
8. 
V. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 


h. 











1 



1 

9 




1 







'8 




1 


m. 
89 
26 
58 
17 


18 
60 
48 
86 
18 
89 


88 
48 
68' 

8 

I 

49 
80 

6 


8. 

46.8 
85.6 
84.9 
278 
98.6 
56.0 
19.8 
64.6 
89 
48.0 
46.8 
O.A 
0.4 
96.4 
95.6 
21.5 
18.5 
64.7 
46.4 
8S.6 


E. 

W. 
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R 
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K. 
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K. 
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K. 
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K. 
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w. 
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w. 
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K. 
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EL 
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Palermo ••..••••.•.. 


E. 

F.. 


Paris 


E. 


Petenbuig •• 


E. 


S(nne 


E. 


Turin 


E. 


Vienna 


£. 



inibUfr 
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f AXALMX OF TBB BRATBHLT BODIES. 943 

" 546. ParaUax ia the differeuce between the altitude of 
any celestial object eeen from the earth's surface, and the 
altitude of the same object eeen at the eame time from 
th« earth's center; or it is the angle under which the 
Bemi-diameter of the earth would appear, as seen from 
the object. 

Tlie tru« j>!fK« of a celestial body ia that point of the 
heavens in which it would be seen by an eye placed at 
the centw of the earth. The appai-etU place ia niat point 
of tlie heavens where the body ie seen from the surface 
of the earth. The parallax of a heiiveniy body is great- 
est when in the horizon, and is thence called the hori' 
sontal paraUaai. Parallax decreases as the body ascends 
toward the zenith, at which place 
it is nothing. 



It apuui Id b* It CL WbeiL ift 
•d fi^tb* D«aMr«rtlw wnk, 

:_."" '_ „jsr£: 

•Itriml* of Ib*~^l^wii B, wbNi M*B from tia twih^ 
•DTlka, ud wlm Hen (Nni her cenUr. It 1> alM 
tke ucle OBdtr wbloli theeeol-dlidHteroftbacartii, 
A E, to HWi rruDi tbe oUeet B. 

Aa tb« tA^tdL B^*"TfT* frodi '^^ *■ — ■ — '■> •^^ — - 
nllb. tlie pinllH la eeei gndn 
F it hia ■« piviUu, or IM tn* 

ThU dlagrun wUl Ota ibm 
Ma cstta ban Om f rtatm l panllu, ab 
dlBtaDt the leaiti i>lirtbaBDaB,tlMnai-. 
panlha; wblU Vat txt* Mat^ IKhb ti 
bHtmntal paiallu— Iba aemlHUamalar al 

546. As the effect of parallax on a heavenly body is 
to depress it belxno its iruepUiee,AtTCfai^ neceMaiify amet 
its right ascension and declination, its latitude ai^d longi- 
tii{^ On this account, the parallax of the sun and 
toatm most' be added to their a gp ar ofrf altitude, iq ordo* 
to obtain their true altitude. 

_ ID In tbaiaDltb.toiilmT*alhol«<l, 

BdlPg ttaa latttnde at aea, k'lraniidA (be panJbii, and hM(*i4i the 
rmn tbe aan'i stainad alUtada, la order to obtain tba Ira* alUlade, 



■Utuc greaMst r Lcaatt Colled whM, vid vh; f (Di^lTaiQ I Whatol 
graateaturullax!) 

He. Effect of HrBflai! How oUain true altitada I (Hot diflto from Iw- 
ftnatfoB t Uev Umu abtaln tmo altitude I) '' ' ' 
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547. The principles of parallax are of ereat import- 
ance to astronomy, as they enable us to determine the 
distances of the heavenly bodies from the earth, the mag- 
nitudes of the planets, and the dimensions of their or- 
bits* 

The snn's horizontal parallax being accurately known, 
the earth's distance from the sun becomes known ; and 
tfie earth's distance from the sun being known, that of 
all the planets may be known also, because we know the 
exact periods of their sidereal revolutions, and, according 
to the third law of Kepler, the squares of the times of 
their revolutions are proportional to the cubes of their 
mean distances. Hence, the first great desideratum in 
astronomy, where measure and magnitude are concerned, 
is the determination of the true parallax. 

At a eoanell of astioiioBMt a w — bhd ta Lo^dM wwm jmn tiam, fron th* hhmI 
iMned ii«tl<»8 in Eniope, the snn^s mean hofiBontal panllaz was Mttled, as the ramlC 
«r their united obaerradoM, at OO IT 8"^771 Now theralae of radium er p waa ed Uke- 
wiae in aeoonds, is fiO09l4''.8; and tfcia divided by 9^'jm% givea MM7 for the diatanoa 
«f the mm ttom tiie earth, in aemi^ianeten of the latter. If we take the aquatoriai 
ieoai-dialiieter of the earth as sanctioned by the saoie tribnnal, at (7Wi:l )Wt8 mile^ 
we shall hate M047xa9ei=«S^8,M» mika for the sm^ trae diataaea, 

548. The change in the apparent position of the fixed 
stars, caused by the change of the earth's place in her 
revolution around the sun, is called their (mntud parq^ 
laoD. So immense is their distance, that the semi-annual 
variation of 190,000,000 of miles in the earth's distance, 
ih>m nil those stars that lie in the plane of her orbit, 
makes no perceptible difference in their apparent ma£nii 
tude or brightness. 

Tb»fcBairf»g art will iBnateataaammnlig; 




Let A represent a Used star in the plane of the •arth'l orbit, & At 0, the earth to 
190,000,000 of milea nearer the star than it will be at D six montha afterward; and yet 
this seml-annnal variation of 190,000,000 milea in the distance of the star is so small a 
fraction of the whole distance to it, as neither to increase or dimiBish its apparaiit 
bri^tnessL 

547. Use of parallax f How employed I (Note!) 

548. WhsXme9Sithj99rth''»afuiualparalUKif £ff«et of Taxation of «vtli'i 
4iftaave ^n th^ fixed atan f (Dbgram.) 
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• 549. It is only those stars that are situated near tho 
axis of the earth's orbit whose parallax can be measomd 
at all, on account of its ahnost imiier- ,^,^„^,«,««-,,^ 
Geptible quantity, oo distant are 
they, that the variation of 190,000,000 \ / 

miles in the earth's place causes an \/ 

apparent ^hanse of less than 1' in 
the nearest ana most favorably situ- 
ated fixed star. 

Lot A repretent the uarth on the Ist of Jcnnaiy. and B 
ft atpr obeerwd at that tiiiio. Of oourae, ll» anNiMntpIaee 
In the more distant heavens will be at C. But in six 
nohths the earth will be at D, and the star B will a|»|iear 
to be at K» The ans^e A B D or C B £ will ei»iiHtitate 
the poraDalie eagle, in the eut, this angle aiii<(linu to 
•beiit 480, wbanas the real panlha of uie vtani is ieiip 
than -^jfii of one degree, or ;vij7f7ith part this amount 
LLms approaehlng eeeh other Iuiib slowlr would appear 
parallel ; and the earth's orbit, if Oiled with a globe of Bra, 
•ad viewed tfom, the fixed stars, would appear but a point of light 1' ia dlamotort 

KISCBXLANIA. 

550. The Atmo^here is an elastic gas, which snr* 
rounds the earth on evei^ side. It is supposed to be 
firom 40 to 60 miles in hight, growing more rare as we 
ascend, and is kept arouna the eaith by attraction. 

551. Wmd\% air put in motion by heat, causing bodies 
of air to rise from the earth's surface, and other air to 
rush in to supply its place. The velocity of the wind 
ranges from 5 to 100 miles an hour. 

552. Clouds are collections of vapor suspended in the 
ain They range from two miles to half a mile in hight, 
according to their density and weight. They serve to 
screen tis from the oppressive heat of the sun, and to 
convey water from the rivers and oceans, and pour it 
down in showers upon the earth. 

558. Rain is water condensed^ or collected into drops 
by attraction, and falling from the clouds. Hani is drops 

540. What atan ]iav« peroeptiUa parallax t Amoantt (Di^^raiBy and 
ttpLiin.) 
6$0. What ia tb« atmoaphcre f Extant t How kept artimd tbo garthf 
561. Wind t How pat In motioii f Valoeity t ' 
662. Cloudar 0Mat 
i^ Roint HuOt Snowt 
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of rain fiwen on its wa j to the eart^; and Sn&w is parw 
tides of cloods frozen before being condensed into dropa. 

554. Zighfyiing is electricity passing from one cload 
to another, or between the clouds and the earth ; and 
Thv/nder is the sudden shock giyeu to the atmosphere 
by the passage of the electricity through it. 

555. The Avrara BoreaUsy or Korthem Light, is a 
reddish nnsteady light sometimes seen in the north. It 
is supposed to l)e caused by electricity passing through 
the Upper regions of the atmosphere, about me North 
Pole. 

556. ^^ Shooti/ng Stars^^ are meteors that shoot down- 
mud toward the earth, like stars frilling fitmi their 
spheres. They are usually seen one at a time, and only 
in the night, but sometimes fall in showers, and no doubt 
fall in the day time, though invisible. 

FmB S oVloek la the moraliic. Norembw 18, 1888, till dftylight the wboto Ii«it«(M 
wera filled with theee fiery peiticles end etresks of light darting downwaid from the 
tky. Theee meteore, no donot. nime from regione beyond the limits of the atmoephere, 
and ate Inited by their rapid pewage thfongh it Their etlgiB and satiire «n ae yet 
BMttera w inqnlry and s^ecnlation. 

557. Aerolites, or Meteoric Stones, are masses of stone 
or iron that have fallen from the sky at various periods^ 
and on almost every j^art of the globe. They are often 
found after the explosion of large meteors, sometimes, 
while they are yet hot. 

A large meteor exploded orer Cabaxrai eomibTt North OaroUna, a few yean ataeiL 
ieveral pieeea of which were picked np the aext dnr. One pieoe, weirting 19 Hmh had' 
■tmek a. large jtee tree lying on the groond, and had gone through it, and into the 
earfb. to the depth ef three fiet la aome eaaea, hage mawea of inm have fcllen. In 
December, UM^ a atone welghiig 61 lb& fell in Torkahirb, England. The wilter haa a 
piece of an aeroUto that weighed 80 Ibe., that fell in New Jenej. A laige ma« ef 
meteocie iron ma^ be aeen in the maaeem of Tale OeOige. 

554. Ughtninff and thunder t 

555. Aurora K>FMliif 

556. *' Shooting atanf* How Mint (Wht^ aliowwr aMBtbnddl IN»- 
iaQoe from whion they oome f ) 

557. AmUUmI (Wli«(iaitMiMiafth«lrM«todt) 






TABLE OF THB ASTHtOIDS. 

SSS. The followiug' table comprises the' namat, distsoceSt 
periods, etc., of the Aet«TOid^ so.fiir u known. They aio 
placed io the order of their dintorery. 
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PROBLEMS AND TABLES. 

X. — TO CONVERT DBOBEXS, XTC.| INTO TIMX. 

BiTLX 1. — ^Divide the degrees by 15, for hoars ; and multiply 
the remainder, if anjr, by 4; for minutes. 

2. Divide the odd minutes and seconds in the same man- 
ner by 15 for minutes, seconds, dfc, and multiply each remain- 
der by 4y for the next lower denomination. 

ExAMPLX 1.— Convert 32* 34' 45" into time. 

Thus, 32*>^15=2h. 8' 

34 ^15 2 16'' 

45 -^15 3 



Ans. 82« 34' 45"=2h, 10' 10" 

ExAMFUS 2.— If it is 12 o'clock at this place, what is tho 
iimp 20^ east of us ? 

n. — TO OONVXRT TIMX INTO DKGRXX8, XTC. 

BuLX. — Multiply the hours by 15, and to the product add 
one-fourth of the minutes, seconds, ic, observing that every 
minute of time makes i®, and every second of time i'. 

ExAMPLX 1. — ^^In 2 hours, 10 minutes, and 19 seconds, how 
many degrees f 

ThoBi Sh. 10m. 19. 

15 

SO* 

Add 10 quarters, or i of the min. 2 30' 

Add 19 quarters, oi { of the sec 4 45'^ 



Ans. 32* 34' 45" 

Ex. 2.— When it is 12 o'clock at Hartford, it Is 4 hours, 51 
minutes, and 20 seconds past noon at Greenwich; how many 
dq;ree8 is Hartford west of Greenwich! 

Thus: 15 times 4 is 60— added to i of 51, is ly 45", and 
this, increased by i of 20, is 72^ 50'. Ans. 
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Ex. ft. — ^The moment of greatest darkness, durinir tlie annu- 
lar eoiipse of 1831, took place at New ftaven, 10 minutes 
after 1 o^clock. A gentleman reports that it happened pro- 
cisclj at 1, where he observed it; and another, that it was 5 
minutes after 1 where he saw it : Query, How far east or west 
were those gentlemen from each other, and how many degrees | 

from New Haven! i 

III. — TO FIND THS SABTh's ICXAV DI8TAKCK FROM THK SUIT. ' 

Rule. — As the Sun's horizontal parallax is to radius, so is 
the semi-diameter of the Earth to its distance from the Sun.. 

By Loyartthms. — As tangent of the Sun's horizontal par- 
allax is to radius, so is tlie Earth^s semi-diameter to her mean 
distance from tlie Sun* 

» .5776 : 8(M2ei'^8 : : 8M8 : 1»^^7S,8e8 milos. 
~ Bjf Logarithnu. 

As tongent of tlie 8an*8 horizontal parallftz, 8''J:^776= 5.6180407 
Is to nidi as, or 90% =10.0000000 

8o is the Earth's semi-diameter, 8962= 8.5979148 

To the Earth's distaooe, 96,278,8693 7.9789788 



IV. — TO FIND THB DI8TANCB OF AKT PLANKT FROM THS SUB, 
THAT OF THR EARTH BEING KNOWN. 

Rule. — -Divide the square of the planet's sidereal revolution 
round the Sun, by the square of the Earth^s sidereal revolution, 
and multiply the cube root of the quotient by the Earth's 
mean distance from the Sun. 

By Logarithms, — From twice the logarithm of the planet's 
sidereal revolution, subtract twice' the logarithm of the Earth 's; 
sidereal revolution, and to one-third of the remainder add the 
logarithm of the .£arth't mean distance from the Siki. 

ExAMPLC— Required lAxmwrfk m«ao distance from the Bon, that of the Earth 
beinir 95,278,868 mileSw 

Mercury's siden^nl revolntlon Is 87.969858 days, or 7600548^^8018: the Earth'i 
•Idereal revoluUon is 865.256874il7 daja, or 

81658151'r-5 ' 7m0548.9 

8155S151'<.5 ' • ■ 76005^.9 



990916968096952.25 br which divide 57768267575827.21 
and the qiioticiit wiU be4)i06a995106718292, the cube root of which is 0.8870977, and 
I thid mnlti|»lied by 94,881,891 gives 86,727,607 miles, for Mercury's distance fh)iivthe 

\ Sun. This problem maj be perlbrmed by logarithms in as manym^M-ulM as the 

I former methtNl requires honrt. ■ ' 

Mercury's Sid. Rev. 7600M8''.9 1of.s6J608M7 x 9 18.7616894 

Earth's Sid. Rev. 81558151'^ Iog.s7.4991808x8 . 14.998S60I 

}>-2.768489i 



' 15878097 
Add lo(. of Ihe Earths mean dlstuiM, 7.978978S 



b«_ 



Moreniy's dlstenoe, 86,880,4ia^ Ab& 7.5667885 
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Y.-^TO' riK9 TBS BOURLT MOTION OF A PLANXT IV ITS OKBIT. 

Bulk. — Multiply the planet*s mean distance froiii the San 
by 6.2P31853, and divide the piy>dnct by the time of tho 
planet's tidereal revolution, ezpreMed in hours, and the decl 
mals of an hour. 

By Logarithms. — ^Add 0.7981799 to the logarithm of the 
planet's mean distance from the San, and from the sum subtract 
the logarithm of the plaoet^a revolution, expressed in hours. 

SxAMPUi^^fiMiiired tiM Eartli^t bovrij motioQ l» ittwbit 

Lm. orEuih'idlstanoe=r.9780T384>aT»81T»9s &Tni5Gr 

Sabtract Uiff. of £arth'« TOTolation &942S09a 

GiTM Eutb^i homy motion, <8,288 milai, ~<.884S447 

TL — TO niTD THX BOUBLT MOTION OF A PLANBT ON ITS AXIS. 

Bulb. — ^Multiply the diameter of the given planet by 3.1 41 59, 
and divide the product by the period of its diurnal rotation. 

By Lpgarithmi, — ^Add 4.0634524 to the Ipgarkhm of tho 
plahet^s diameter, and from the sum subtract the logaritlim of 
its diurnal rotation, expressed in seconds. 

Earth's diameter, T924 log. = S.898M40 

Add log. of WaV'^log, ^8.14189 a A06845M 

7.99239d*J 
Svbtraet kf. dlnnua fotation^ SSh. W ifM a 4.9898268 

AnR. 10M.09mUeis &017070< 

TIL — TO FIND THB RBLATIVK IfAONirODB OF THB PLANjCTS. 

- Bulk. — Divide the cube of the diameter of the larger planet 
by the cube of the diameter of the less. 

By Logarithms* — From three times the logarithm of tho 
krger, subtract three times the logarithm of the less. 

SxAMpLS.— How mueh doet tiie tfie of tbe Eortb ezeeed that of the Moon f 
Earth's dUmeter, 7912 log. &89888e8 » 8* 11.8948:^ 

Moon's diameter, 2180 loc. 8.8848878 x Ss ia008(M28 

The Earth exoteds the Moon, 49.1685 times. Ana. 1.8918481 

In this example, 7912 miles is assumed as the mtan between ,the 'Earth's eqoato 
^rUl and polar dUmetw ; t|i« former bfiiag 799i» uid.thA laf tor 7898 miles.. 

VIII.-<-TO FIITD TBX PBOPOETIOV OF SOLAR LIGHT AND HBAT 

AT BACH OF THB PLANBTS. 

Bulb.— Divide the square of the planet's greater distance 
from the Sun, by the sqili&re' oT^he less^ — Or, subtract twicu 
the logarithm of the greater distance from twice the logarithm 
bf tho less. 
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Sz AMPLi. — ^Haw mach greater is the Sun's light and heat nt 
Mercury, than at the Earth I 



Lof . of EtaihH diftaaM 
•• ofMereonr*! 
Anil leiM ttBiM 



7.978978S x SslOiOSTMTtt 
T.fi6<7»M X 9=rlfi.ias9018 

OLSMasfis 



XX. — TO FIND TBS CIBOtfimBBBNCE OF TBS PLANETS. 

Rule.-— Maltipij the diameter of the planet bj 3.14169, or, 
add the logarithm of the planet's diameter to 0.4971499. 

X. — ^TO FIVD THE OIBOUMVEBEVCS OF THE FLAHETIBT ORBITS. 

RuuB. — ^Multiply the planet's mean distance from the San 
by 6.2831853; or, to the logarithm of the planefs mean dis- 
tance add 0.7981799, and the snm will be the logarithm of the 
answer. 

XL — TO FIED nr WHAT TIME AITT OF THE PLANETS WOULD 
FALL TO THE StTK, IF LEFT TO THE FORCE OF ORATITATIOV 
ALONE. 

Rule. — ^Multiply the time of the planet's sidereal revolation 
by 0.170776; the result will be the answer. 

By Loffarithms, — From the logarithm of the planet's 
sidereal revolation, subtract 0.7525750, and the remainder 
will be the loffarithra of the answer, in the same denomination 
as the sidereil revolation. 

Beqairad th« ttmM, reapeetlwly, la whleh th« MTeral pUaets wonM HiII to'tli« 
San by the force of gnrity. 



Planets would &U to the Son. 



Mercnry, 

Tenns, 

Fourth, 

Mara, "m 

Jnpiter, "^ 

Saturn, 

Henohel, 

Moon to the Eerth, 



Dajt. 


H. M. 8. 


Logarithms. 


1A 


18 18 16 


6.1262686 


89 


IT 19 23 


6.6865424 


64 


18 88 W 


6.T466867 


121 


10 86 8 


7.0206StT 


8SS 


21 88 8fi 


7.8206849 


1901 


28 24 4 


8.2167186 


6«Si 


16 68 1 


8.6708697 


■ 4 


19 64 5T 


6.6904459 
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SheldQh ^ Cofnpany*M Text-jBookM^ 

The Sciencs of Government in Connection with 
American Institutions, By Joseph Au>Eif, D.D., LL.D., 
Pi«8. of State Normal School, Albany. 1 voL 12mo. Price $1^0. 
Adapted to the wants of High Schools and Ck>Ueges. 

I Altlen*» Citizen* » MawuaZ: a Text-Book on Government, in 
Connection with American Institutions, adapted to the wants of 
Common Schools. It is in the form of questions and answers. 
Bjr JosjSFH AiiDBN, D.D.^ LL.D. 1 vol. 16mo. Price 50 cts. 

Hereafter no American can be said to be ^uecUed who does not thoroiu|ily' 
understand the formation of oar Ooveniment. A prominent divine has eida, 
that '' eTeryvonng' person sbonld careftmy sad conscientioasly be tanght those 
distincttte ideas wbieh cooBtitote the sabstanos of oar Oonstitntion, and which 
determine the policy of our polfttcs ; and to this end there oi^^ht rorthwith to 
be introduced Into oar sd)bol9 a simple, oommheojdje Tnamutly whereby the 
needed tuition shoold be implanted at that early period. 

Schtnitz^.s Manual, of Aneient Mistot^y; from the Be- 
motest Times to the Overthrow of the Western Empire, A. D. 
476, with cojHOus Chronological Tables and Index. T^ Dr. 
Leonhard Schmttz, T. B. B. £., Edinburgh. Price $1.75. 

Tlie Elements of Intellectual Philosophy, By Francis 
Wayland, D.D. 1 vol. 12mo. Price $1.75. 

This clearlv-writtcn book, fh>m the pen of a scholar of eminent ability, and 
who has had the larsost experience in the edacation of the human mindt 
is onqQestionably at me head of text-books in Intellectaal Philosophy. 

Jin Outline of the Necessary Laws of Hiought: 

A Treatise on Pure and Applied Logic. By Willta» Thom- 
son, D.D., Provost of the Queen> College, Oxford. 1 vol. 12mo. 
aoth. Price $1.75. 

This book has been adopted as a regular text-book in -Harvard, Tale, 
Rochester, New York University, Ac. 

Falrchilds* Moral Fhilesophy ; or, The Science of 
Obligation, By J. H. FAiRcnrLD?, President of- Oherlin 
College. 1 vol. 12mo. Price $1.50. 

The aim of this volume is to set forth, more fWly than has hitherto been 
done, the doctrine that virtue, in its elementary form, consists in benevo- 
lence, and that all forms of virtuous action are modifications of this principle. 

After presenting this view of obligation, the anthor takes ^p ttie qaesttons of 
Pmctlcal Ethics, Government aod Personal Rights and Duties, and treats 
them in their relation to Benevolence, aiming at a solution of the -problemB of 
right and wrong upon this simple principle. 

An/ifOfOu above sent by tnaU, vast-paid^ w rteeUpt qf prio9. 



Shetdon A Cot. 

OOLTOU'S NE 

Tht whole « 

Thiim boolci are the mogt 
aditpted to the wanta i^tAeje , ... 

I, Cotton's New Introductory Qeography. ' ^ 

With entlTelj new Maps nude especiallj for this book, on ^ y 
the most improved plan ; Mtdelegantlir Ilhutrated.PriceSOcts- 
JJ. Cotton'» Cpmmon School Geography. 

With' ThiftJ-rix new Maps, mado'-eepedalty' for tlits bosk, 

&nd dnwu on ft unitanii STStem- of KaLM. 

EleganUj innatrated. Piic« |3.00 

ThJB book is the bea( wiapteil lo teaching tie «nb]eet of Q«o^ 
laphy of any yeX publijlied. It Is umple and coAi^eheiiBiTe, 
and embracea just what the child shonld be tBngrht, and nothing 
mote. It also embnteea the general priodples of PhyBioal QfKig- 
raphy bo &r oa the/ can be taught to advantai^ In Common 
Schools. 

For those desiring to pnisoe the stud; of PbTBkal Q^ographf, 
we have prepared 

Cotton's Physicat Geography. 

OneVd. 3to, Price |1. 50. 

A vet7 valuable book and fii^ llluBtrated. The Uapa are 
compiled with the greatest care by Qsa. W. Coltok. and repre- 
aeot the moat lemarkatile and lotereeling features of Phjsical 
aeography clearly to the eye. 

TbsiriuiDraiflDn'* ffMvr«p»rtiitheb«tI hBTa everMen. ItmeetBtbc 
exact wants of our GtMonar SrhoolB. The Bnimi Is nnenrpasisd In lu 
MadencT to make thorough and reliaSU schnlan. I liaYC letmed more Omg' 
raphj that is tiracUcal and asaUtMe daring tha nhort time we have o>«d thin 
work, than In all my lift before, tnclndlng ten years teaching by Mllchell'a 
plai).— A. B. Hbtwood, Prin. FnmiHn Oram. Sduml, Loadi, Man. 

Bo weD BStlafled hare T been with tbSM Oeo|!npblm (hat t adnpted them, 

and haia procured their tntrodnctlon Into most of the schools in (hi* cooa^. 

Jaxu W. TaoanoH, A.M„ Prin. qf OmtrtvUh Aeadtmy, Manfiaad. 



Anvt^lhtiaiOt*ttnllrsrRiia.plil^p<Ad,OBTieapttfpr*tl. 
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